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AT CHICAGO, ILL. 


BY M. JOHNSON, Esq. 


@ 


a Since the inception of the s sewage treatment p program, , The Ganitery District 
of Chicago, IL, has conducted many investigations on the dewatering and 


drying of sewage sludge. This paper is concerned with these investigations, 


particularly 1 the results and conclusions as § applied to the Southwest works, 7. 


‘The S Sanitary District is served by four 


indicated in 1 Table 1. The Southwe er and the West Side works ‘are 


TABLE 1.—Data on THE SANITARY DIsTRICT or CuHIcaGo, 
Method of sludge disposal 


North Side. . Pumped to Southwest works | October 28, 1928 
Southwest. Incineration May 23, 
‘Sand drying beds June 2, 1930 


located | . a common site although the treatment plants are about one mile 
apart. At the Southwest plant, complete treatment is provided for all the 
: sewage from the Southwest area, and final treatmént is to be provided for the | 
| partly treated e effluent from the West Side works. , = This double function of the 
Southwest ; plant. has caused it to be frequently called the West- Southwest 
‘Sewage treatment plant. _For the purposes of this paper it is to be identified — 
‘asthe “Southwest works.” 
‘The West Side works serves an area of 150 sq miles, and the 
re reaching the works in 1941 was 2 ,244,000, based on the 5- day B.O.D. on 


Nors.—Written comments are invited for immediate to insure the 
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 sereen house, skimming tanks, and 108 Imhoff tanks with a sludge volume of 
~ 10,532,000 cu ft. Two of the batteries were . designed for 134 mgd each and a 
‘settling period of 2hr. The third battery was designed for afi sash of 204 of 204 mgd 
a Digested sludge is dried o on open-a -air beds 80 ft wide with lengths varying 
from 800 to 1,398 ft and having a total area of 27.3 acres. s. The beds are in. 
pairs with a standard-gage railw vay track between each pair. - Dried sludge is 
: removed from the beds by ‘cleaning machines that span the 80-ft width, dis- 
_ charging the air- -dried material to 30 cu yd side dump cars. _ The loaded cars 
are hauled » to dumping trestles on Sanitary District property about 3 miles 
of the plant. Three heavy sw itching locomotives are available for hauling 
‘sludge and ‘switching service. 
‘The Southwest works s serves an area of 82 sq miles. In 1941 the load 
Bons the works was equiv alent to to the sewage from 2, 770, 000 persons. 7 = The 
area served includes the stockyards and packing- -house 
plant equipment includes a pump and blowe er house, preliminary settling 
tanks, aeration and final settling ‘tanks, | sludge “concentration | tanks, and a 
combined sludge-handling and steam generation plant. 
main prime movers, all driven by s steam turbines, consist of four” 


sewage pumps, three blowers, and two electric. generators. Plant effluent i is” 
used as condensing water in the surface condensers of the turbines. Oo 4 


__ Thes sew age pumps s discharge to aerated channels leading to the preliminary | 
are tw of these tanks, each 101 ft by 1 103. ft 


q equipment is The detention is min 400 mgd. 
= The 1e aeration and final settling tanks are divided into two batteries, each. 


having ¢ eight aeration tanks and sixteen settling g tanks. The: aeration units are 
_ the spiral flow type, each 434 ft long inside, and 135 ft wide, center to center of 
- pressure walls. A depth « of 15 ft over the diffuser plates is provided. — Each 
tank is divided into four passes by three nonpressure bearing walls. The 
a period is 5 hr at 400 mgd and 20% return. Nae cee a 
us The settling tanks are the c center feed, radial flow type, each 126 ft inside 
diameter and 11 ft deep at the side-w vall . A settling Tate of 1 »200 ) gal per sq ft 
= 24 hr is obtained with 400 mgd and 20% return. ’ a a 
The plant \ was designed for an average flow of of 400 ) mgd, although at present 
the activated ‘sludge treatment capacity i is limited by blower and sludge- drying 
- capacity. _ With the present blow ers a flow of 300 mgd could be tre treated. _ How- 
ever, the » sludge- handling capacity of about 200 tons per day, : about half of 
_ ma is from the North Side works, further limits the present useful capacity 


toabout225mgd. 
“ithe Plant extensions call for an additional battery of aeration and final settling | 
tanks, eight additional | final settling tanks for each existing battery, three 
additional blow ers, and six more sludge-drying units. These extensions will 
provide activated ’sludge treatment for the West Side Imhoff effluent and 
sufficient sludge-drying capacity for the additional | solids lod. ss 

magnitude of the sludge-handling pi problem of the District may be 


vi visualized from the fact that at present the four major. sewage treatment works 
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have a combined average capacity of 1,258 mgd. For 1941 the actual combined _ 
flow averaged 1,064 mgd, carrying a daily load of suspended solids averaging 7 
: 729 tons, dry weight. - Of this about 95% reached the Southwest works, since 7 
~ North Side sludge is is pumped to the Southwest works for r disposal. The > 
‘completion of the extensions of the Southwest. works will increase the solids 
loads for disposal at the combined plants to more than 600 tons daily. 
As early as 1914 thought was given to the dewatering and incineration of 
sludge by the Engineering Department of the Sanitary District. Between 
1922 and 1930, full-scale tests were made at the Calumet and the Des Plaines — 
River ‘sewage works on dewatering, drying, digestion, and other 
methods of disposal of activated sludge. _ These experiments were confined 
principally to various types of filter presses, dryers, centrifuges, etc ete The 
- digestion of mixed activated and fresh sludge v was tried first in the operation of 
_ the » West S Side works. - Relatively large volumes of of digestion capacity and large 
areas of outdoor drying beds were found Difficulties in securing 


i: sition from ¢ 


‘year sound, in which the would be dewatered to a 
£ and heat dried for incineration, or ‘placed on sale as a fertilizer. At the time, 


the idea of lagooning wa was dismissed as a temporary measure that might pro-- 
duce odors, 
a ‘In 1932 the first tests were conducted at the West Side works on dewatering, 
7, _ drying, and incineration of sludge in a pilot plant handling about 20 tons of dry y 
‘solids per day. _ Various mixtures of North Side activated sludge and West 
Side fresh sludge w were e used. “In all tests the wet sludge xe was dewatered to 
_ approximately 80% ‘moisture by means of a rotary vacuum filter having a 
‘net filtering area of 570 sq ft. 
In the first phase of the test a rotary drier 70 ft long and 8 ft a tela 
was used. Heat was supplied by an incineration furnace equipped with a 


_stoker a grate area of 80 sq ft. 


Dried sludge from the drier was burned i in the furnace along with coal, = : 


required, to provide the heat. 


vapor condenser and serubber. 
The principal disadvantages of this system were: 


(1) The difficulty i in securing quick and responsive e control; and 


bad Ineffective s and inefficient deodorization of gases and \ vapors. 


provided for wal chen fuel was from 
the drying circuit were passed through the combustion zone of the furnace, and 
heat was recovered from furnace gases by means of a vapor heater. Or iets 7 
‘The impact mills operated ‘satisfactorily but it was found that the high 
degree of comminution afforded was not necessary. The mills were replaced 
™ a cage mill with an evaporating capacity of 5,000 Ib per hr of w water. Asub- 
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stantial sa saving in power was a by this change. — ; Changes were also made 
a permit use of a vapor cycle instead of an air cycle i in the drying circuit. — ae 


7 sis age Treatment Works, having a capacity | of 40 tone of dry solids per day, 
_ was the first plant built after these tests. — "Experience gained from the operation : 
- this plant aided in the design of the Southwest works. | _ However, the South- 
; Pe west sludge handling plant i is more complicated than the Calumet plant, asthe | 
function of steam generation is combined with that of sludge drying. | 


In planning the sludge-handling system at the Southwest works, prov ision 


3 was made for handling the North Side , sludge, in. amount about: 100 tons of 


openings, and passed to six concentration tanks, each 70 ft by 46 ft 9 in. inside 
measurements. A centrifugal pump is provided at each tank to pump the 
concentrated sludge to the sludge-handling building. The supernatant liquor 
is to the i sewer by the condoning o he 


are mixed, through mechanically cleaned bar screens with } hin. clear 


chloride i is proportioned to the flow of sludge by the aianiies as required by — 
lori sludge conditions. _ From 6% to 9% of ferric chloride is used, based 
on the dry weight of the solids. . The best guide is the pH-value of the condi- — 
tioned sludge, which is recorded in a continuous graph. © From the mixing 
flume the is discharged to the vacuum filters. 


The 
Pp aniey in groups of four, ‘each group discharging cake to a common conveyer ; 
7 fr leading to one drying unit. > A constant effort is being 1 made to ) reduce ng 
costs of d dewatering. Various substitutes are under er investigation to ‘Teplace 
- the monel metal mesh for supporting the filter cloth on the outside of the drum. 
_ The use of plastics for interior piping in place of copper pipe and bronze fittings 
is being tested. Stainless steel has been omg best adapted for the scrapers, 
_ although plastics are to be tried as a substitute. The most satisfactory filtering | 
: medium is a long-nap, virgin-wool cloth, weighing 13 oz per sq yd. The sub- 
stitution of a coated iron wire for bronze or copper as winding wire. over the 
se cloth i is under trial . The cake i is peeled off the filters at 80% t to 85% moisture, 
depending on the type of sludge. . The sludge will filter more readily toa leew: 
moisture as as its volatile content decreases. 
= As the cake moves along o on the belt ¢ conveyer, it is weighed automatically. zl 
: Iti is then mixed with previously ¢ dried sludge to produce an mixture containing 
between 40% and 50% moisture. _ The mixing is done in U-shaped troughs § 
_ lined with stainless steel in which paddles mounted on horizontal shafts mix 'a 
a the wet and dry r sludge and move it along the trough. - In these- units severe 
abrasion occurs, particularly at the tips of the paddles.  ‘Theu use of a chromium- 
~ tungsten-eobalt steel alloy reduces the wear. The mixing has been improv ed 


by reversing some of the paddles : on each shaft. ” The mixed sludge i is passed 
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of the eight : units hes a normal capacity to evaporate 


; - ance that no odors will be released to the atmosphere, : all waste: vapor is powoert 


CU 


} 


f 
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‘the ‘combustion zone | of the Then sludge 
group of four filters is divided between the two halves of the drying tower for 


each drying unit, the division being controlled by the vapor temperature in the 


separators. Each tower is about sq fti in total area. 


mills ona delet. | Bac mill breaks up the 
and brings | the particles into intimate contact ‘ile the superheated vapor, : 
resulting in very rapid drying. _ By the use of flash drying, cake at 807% 
moisture can be dried to 5% moisture in 5 min, as compared with 90 min in a 
modern rotary drier. _ The driers are subject to abrasion, but as yet this has 
not been serious. ‘The wear is confined mainly to the liner plates and the « cage 


bars. The renewal of cage bars has been made less frequent by the use of - 


Temovable sleeves of alloy steel. 


onl 
a Each half of the sl sludge drier discharges to = eyclon ne ‘separator from which 
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: 
‘ne vapor passes from the separator to the circulating fan and thence to the 
heater and through the circuit 
The original 

"plates were sae of 3-in. steel and were very short lived. The oputen were 

then relined by the gunite method, using lumnite cement and crushed trap rock 
_ reinforced by No. 10 galvanized steel mesh with 3-in. square ¢ openings. 

This lining has proved v very satisfactory. 
a During the first few months of operation the circulating fans required ~~ 

tion because of a deposit of grease and solids on the blades, » Which w unbalanced 

the e units. 1] Deposits also formed in the ducts. — ‘This difheulty ' was reduced by 
‘diverting ¢ all preliminary tank < solids to to the West Side works, and handling: — 
the activated solids in the drying plant. 
The vapor heaters are subjected to high temperatures and require 
apervision in operation. ~ Room air is used as a tempering medium to hold the 
temperature of the inlet gas between 1,475° and 1, 500° F. Particles of finely 
divided sludge may deposit or on the plates: during passage t through the vapor 


high . The units are protected by thermostatically controlled steam valves 
which o open into the hot s gas duct if the temperature becomes excessive. a 
= The surge bins receive the dried sludge from the cyclone separators” and 
serve as distributors for ‘supplying: dried sludge to the sludge mixers and to 


i the : sludge burners or to to the fertilizer’ conveyer. 7 These units are insulated to 
prevent condensation on the walls 


a Water-cooled butterfly dampers h have been installed in the hot gas ducts. 


between the furnaces and vapor heaters. The condensate from the sewage 


pump and blower turbines is used as a cooling medium, after which it is dis- 
_ charged to the de-aerating heater, 
- The heat required by the drying system is drawn from the four furnaces, | 
each serving two drying units. = They: are of the water wall type, fired vertically 

a _ through four burners for dried sludge and six burners for pt pulverized coal. | ‘They 
_were designed for supplying heat under normal conditions to evaporate 40, 000 
Ib per hr of water from sludge and also to o generate 70,000 lb per hr of steam at 
425 lb per sq in. gage and 750° F, total temperature, with feed water at 275° Fr. 
i The boilers are the bent tube type with two drums. -* superheater i is provided. 
a ‘The functions of steam generation and sludge ‘drying were combined, not 
_ primarily with the recovery of heat from burning sludge as the end i in view, but 
because most of the operating personnel and some of the physical structures of 
a steam generating plant are already provided in the sludge-drying plant. 
The only additional cost items for steam generation are fuel and fixed charges 
on steam generating equipment. _ Clarified plant effluent i is used for condensing 
purposes. — The : ample supply has sufficient head to o provide gr gravity flow and 
to eliminate the need for circulating pumps. Dae 

The: waste furnace gases pass through an air wherein the combustion 

air prek 
furnace § gas eithdiawn by the drying system. "hk: passes through electrical dust 
precipitators and then to the stack. — There are tw o dust precipitators, each 
rated at 000 eu min of gas. 
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ie WwW vith. fuel requirements dependent. on two variables—steam load and drying 


load—the control of the furnaces is a delicate problem. - Automatic control 
equipment | is provided which ties in the contral of the furnaces and drying 


q In the tuning-up period, better control of steam 1 temperature | was secured — 


a by moving the superheater by-pass damper from near the top of the front baffle 


to the bottom of th the by-pass passage. Furthermore, to secure higher super-_ 


heated steam temperatures during high drying and ew boiler loads, the side- 
wall tubes were covered with a plastic refractory, which permits of hehe 


furnace temperatures the heat absorbed by the water walls, 


thus increasing the heat passing through the main body of boiler tubes and the ~ 


per Operating experience indicated the desirability of changing the control — 
for or the fi flow of combustion air. Originally ' the control acted through totalizing ; 
impulses from the flow of steam and waste v: vapor, , which | changed the position of © 
the damper of the > forced draft fan. This was altered to control the position — 
4 of the damper by the rate of coal feed, balanced by the differential pressure _ 
across an orifice in the forced draft fan discharge duct. The new arrangement _ 
' © insures a definite quantity of air regardless of changes i in the position of the 


4 
secondary and tertiary air dampers. __ 

_A considerable amount of experimenting was done on the arrangements of 
prongs air ports. — : It was found necessary | to reduce the number of ports and 


equipped with a a scale pee Each ‘ts wy 
of the bowl mill type with direct-connected exhausters. 
i i When the firing equipment was designed and purchased the immediate pr pro- 


of fertilizer was not intended. Hence, with the entire ‘sludge output. 


being sold as fertilizer the pulverizing capacity - provided is inadequate, : since 

: the e heat: value of each ton of fertilizer produced is equivalent to about 0.57 ton jon 

of coal. Also, the elimination of the | solids a higher filter- 


g 
d heat for « drying. 
= Bottom ash collects in aoe in the furnace bottom, below the ‘super- 


heater pass : and below the boiler back pass, and also in the bases of the stacks. r=: 

-* it is removed by hydraulic ash sluicing equipment and sluiced to a common > 
sump, from which i it is pumped to a dewatering hopper in the track house i. 
to an ash lagoon. Ash pumped to the track house i is loaded into railway car . 


— 

4 
| 
as 
, 
4 
= Coal is delivered to the plant by rail to a track house south of the sludge a 
a disposal building. | At this point it may be elevated to a conveyer leading to a 
; _ the bunkers or placed in storage in an adjacent area. A coal crusher is pro- i - 
| vided which may be used before the coal is elevated, if necessary. A belt 
2 aca a with a traveling tripper distributes coal to the bunkers. This i = 
| 
8 
— 
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in hoppers below the » air preheaters and dust pre- 
: i, : Iti is removed by a vacuum system discharging to storage hoppers in 
the track house. The material i is moistened sufficiently to ) prevent blowing as 


e hoppers a and then loaded into railway cs cars for hauling a away 


it is ; drawn from the 


Sludge disposal methods in use various of The District 

_ of Chicago were developed over a period of many years of operating experience 

and experimental investigation. Through the development of the flash- 
: drying» process, as installed at the Calumet and Southwest : works, a method of 
handling sewage solids without | the production o of ¢ offensive wastes and odors: 
was obtained. - Although it is considered by those se charged with the res responsi- 
bility of Salen: and epaation 6 that these installations have functioned, and will 
continue to function, | ina a very satisfactory manner, further improvements 
will no doubt be welved that will decrease the cost of sludge disposal. | There 
have been numerous problems attendant upon the operation of this new process, 


but in . spite of these problems the method has proved its value as evidenced by 


the Sanitary District in enlarging the Southwest works along similar lines. _ 
TABLE 2.—OprratTIons ReEsutts, 1941, Masor SewaGe TREATMENT Works 


Raw ‘Sewa AGE (ppm) (rem) | Solid, 


removed 


solids | B.O.D. solids 
* Preliminary treatment only, 184 ‘mgd. "Activated sludge treatment, 154 Activated sludge 


4 effiuent. Weighted average of activated sludge effluent and preliminary tank effluent by-passed 72 ppm, 
both B.O.D. and solids. ¢ Analysis includes preliminary tank sludge from the Southwest works. 


TABLE 3.—Suuper- HANDLING PLANTS, AND ‘SourHWEsT 


the pene coh of the sludge gechionee at the West Side works must not be 
overlooked. — In 1941 the Imhoff tanks removed a total of 76,897 tons of dry 
solids, an average of 211 tons per day. . The volume of wet digested sludge re- 
moved in 1941 was 64 055 cu this amount 7% 78, ,099 cu yd were dis 
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charged to temporary lagoons plant grounds, the remainder going 


thedrying beds, 

An additional load was thrown on the plant in 1941 by the oY a. 

preliminary sludge from the Southwest 132 tons of 


average of 54. 0%. strippers handle ‘this wet 
Operating results for the year 1941 at the four major of the Sanitary 
District are presented in Table 2. In Table 3 data on operation of the sludge- 


plants are presented for the s same 
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THE Q MIDTOWN “TUNNEL 
> Discu 


By MEssrs. H. G. CRUTHERS, LEO GEENENS, CHARLES E. CONOVER, 
 Epwarp Levy, AND ROBERT F.LEGGET 


H. G. Crurners, 12 Esq. 12¢__ ‘The cost of 0. i¢ per vehicle, to 0 provide power 
| | bd ventilation for the vehicles carried by the Queens Midtown Tunnel, as. 


ventilating equipment but a low cost: of power. 
For the first year of operation, the actual cost of power for all purposes was 

0. 0.95484 per kw-hr. This cost included all charges for energy, demand, and a 
ion and 1 was: made possible through purchase from the New York City pool. — 
They power used for ventilation during 1941, w Ww hen 4,400, 000 vehicles more 
or less. were carried by the | Queens Midtown Tunnel, was approximately 
0.111 vegan -hr for each vehicle. _ From data available, the power required to 
“provide ventilation for the Holland Tunnel during 1936, when 11,499,000 
vehicles 1 were carried by that tunnel, was approximately 0.529 kw-hr per 


7 : = and for the Lincoln Tunnel during 1938, w hen 1, 790,000 ) vehicles were 


a that for yeni ands and reflects 1 not cals a ‘high over- er-all efficiency for ‘the 


carried by that tunnel, approximately 0.289 kw-hr per vehicle. - 


co It has been estimated that, when the Queens Midtow n T unnel carries” 
11,499,000 vehicles. per “year, the p pow er for ventilation will be about 


0.10 kw-hr per vehicle. 


The number of possible. air ‘changes atin for or each of these three tunnels 
| is identical (42 per hour) so that the difference in the amount of power required - 
7 ie vehicle carried depends « on the method of providing the air changes. — i 
The Holland Tunnel (two tubes) is divided into fourteen ventilating s seco " 
7 q tions, the average length of each being approximately 1,200 ft. The Lincoln | 
- ‘Tunnel, a single tube, is divided into five ventilating sections, the average 
length of each being 1, 640 ft. The Queens Midtown Tunnel hae: tubes) is 
- divided into eight: ventilating se sections, the average length of each being 1,590 ft. _ 


— 


= Nore.—This paper by Ole Singstad, M. A Am. Soc. C. E., was published in March, 1943, Prseeitinen, 

_ Discussion on this paper has appeared in Proceedings, as follows: May, 1943, by Messrs. Thomas W. Fluhr 

_ and Howard L. King; and June, 1943, by Messrs. Francis V. Wagner, William J. - Wilgus, and 8S. A. Thoresen. 


Mechanical Engr., New York City Tunnel Authority, New York, N. 
Received by the Secretary June 3, 
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Discussions 
he areas cal the air ducts of the Lincoln Tunnel ail the Queens Midtown 
_ Tunnel are approximately, for the fresh air ducts, 25%, and for ™ exhaust air 
ducts, 20%, greater than those ¢ of the Holland Tunnel. oa ater 


Since | the power required to © provide ventilation by the wm ‘method 


“areas and directly as the fourth : pow ower of the lengths < of the ducts, it would 
appear that ; the power required | to provide ventilation for r each vel vehicle } carried 
_ by either the Lincoln Tunnel or the Queens ‘Midtown Tunnel should be much 
greater than the power required at the Holland Tunnel. _ The data show that 
- this i is not so—0.529 kw-hr per vehicle at the Holland Tunnel, 0.289 kw-hr per per 
tude at the Lincoln Tunnel, and 0.111 kw-hr per 1 vehicle at the Queens Mid- 
town Tunnel. _The 1 reason for the lower values for the Lincoln Tunnel, as 


: n Tunnel, is attributed to the use of higher motor 


at the low-speed operation of the ventilating ‘equipment. 
ib 


Records from the Holland Tunnel for 1936 operation show that the venti- 
_ a lating equipment was operated fo for 90% of the time at fans speeds w which supplied — 
— 29. 5% of the normal maximum requirements. » Maximum requirements a are 
— by the use of two fans on @ duct operating at full speed, and 29.5% of 

- this was obtained at the Holland Tunnel by o: one fan on a duct operating at 
The records of operation also indicated that for a a great part of the time the 

_ ventilation ‘requirements were such that much less than 29.5% of f maximum 
would have been ample to provide good atmospheric conditions| 
in the driveways so that, if the ventilating equipment of the Holland Tunnel 
could have been operated to provide le something less than 29.5%, greater 


_ With these records of operation as a guide, the Queens Midtown Tunnel was: 

with « equipment which would allow for operation 1 such that one fan. 


could be > operated on a duct at o one-third _ speed, Supplying ee 


‘ 


fall speed and one small two- speed motor to drive the fan at two- thirds’ full 

"speed and at one-third full speed. - ‘These motors were all totally enclosed fan- 
= squirrel-cage motors with average efficiencies of 92.5% for full speed, 

_ 90.7% for two-thirds of full speed, and 85.2% for one-third of full speed, the 
latter to operate for more than 90% of the time. 

_ At the Holland Tunnel, one slip-ring, wound-rotor motor or with external 
resistance for varying the fan speed was installed to drive each fan. The 
average efficiencies of the motors were as follows: For full-speed operation, 91%; 
Sd 87% of full a 78%; gers of full speed, 64%; and, for 48% of full 
> difference “efficiencies at the low-speed o 
85. 2% : for the Queens Midtown Tunnel and 38% for the Holland Tunnel, 

_ together with the fact that for a great part of the time ventilation requirements 
are such that _ of maximum requirements instead of 29. yo are sufficient to 


} 
‘ 
fo 
T; 
+ 
in 
= 
sil 
co 
di 
0.5 
ve 
< 
C0: 
In 
i Cos 
bas 
tio 
cou 
rat 
| 
— 
aut 
= 
was 
a an 
mor 
— re 
— | jud 
out 
po. a tc 
Al 
— 
ben ‘a 
— 
1 


September, 1948 GEENENS ON QUEENS (1027. 


part for the much lower power requirements per vehicle carried—0. 111 kw-hr_ 
_ the Queens Midtown Tunnel as compared to 0.529 kw-hr for the Holland 


Dual. drive, squirrel-cage motors also were installed to drive the fans at the 7 
q Lincoln Tunnel. These motors had operating efficiencies comparable to those 


installed at the Queens Midtown Tunnel, but the average lengths of ventilating _ 
= at the Lincoln Tunnel were greater than those of the Queens Tunnel, and, 

since the Lincoln Tunnel is a single tunnel for two-' -way operation, the traffic 
conditions i impose a greater load factor; and it is presumed that these two con- 7 7 


ditions alone account for the difference between the of 


vehicle at the Queens Midtown ‘Tunnel. a : 


GEENENS,” Esq."*—The author reports a a substantial in the 

. ‘cost of tunnel ‘operation. — Approximately three quarters of the operation cost 7 | 
5 represents wages, mostly of policing, toll- collecting, and maintenance personnel. 


In general, the greater part of the savings in operating the Queens Midtown a 
Tunnel as compared w with the Holland Tunnel is the result of reducing payroll 7 
costs. — In a large measure this was ; accomplished 1ed through s skillful 1 designing 4 
based o on past operating experience. 
During the design period, the selection a and location of apparatus, the = 
tion of ‘materials, and the arrangement of r rooms in the buildings were studied | 

- i in relation to the , organization chart for operation adopted at the start of the 


oats . In this chart the personnel was reduced drastically. Man- am. 


could not be decreased by the elimination of any major operating function _ 
rather by their curtailment on a very large number of ‘Telatively | small opera- 


tions. * _ The following are a few examples of the sa saving - obtained in this w way in ; 


. Where possible, operations were made entemntion such was the use of 
‘automatic dial telephones to eliminate telephone switchboard operators. In 

~ other: cases, single operations were made simpler and easier in order to permit _ 
employees to take on additional duties—for instance, in the case of the operators 7 
i the main ventilation and traffic control switchboard . This function 
was combined with the administrative work of the police force and resulted not 7 


q only i in saving man-hours but also in producing a smoother working force with 


2A reduction in the electrical and mechanical 1 personnel was ef effected by 
judicious selection of the apparatus i in n order that it might function safely with- 
out attention for long periods « of time. As many as eight operators per shift or 


: ‘a total of thirty-two n men (counting relief men) were eliminated in this way. 


Also the number of maintenance men needed for fans, motors, ‘and pumps was 


3. Particular was given to the ever-present problem of corrosion, 
as painting i is a large item of maintenance. _ Where economically possible, non- 


Electrical Engr., New York City Tunnel New York,N.Y. 
= ** Received by the June 38, 194 
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CONOVER ON QUEENS TUNNEL scustions. 
ferrous metals or materials were were used. 

asbestos cement boards were used Fe baffles and in the 
"system; all bolts, ‘nuts, screws, washers, and small | parts in electrical | devices 

are of silicon bronze; electrical conduits, below ground, « are silicon bronze or : 
asbestos cement; electrical relays are sealed in glass” containers; motors 


‘reduced by a of the carbon- and re- 
corders. Savings in man-hours have resulted from improved toll- -registering 
machines which have reduced the auditing time. For washing the tile walls in - 
the tunnel, a new machine which does the w ork faster and with less labor was: 
designed. In order to decrease payroll costs, every ‘operating function was i 


analyzed i in the greatest « detail. 


E. Conover," M. Am. Soc. C. E. 4¢__Under the heading, “His 
torical, ” Mr. Singstad ne: “In a July of the same year [1929], the Board of 


2 “ere gut was assigned the work of p popes plans and specifications 


appropriation | of 82, 000, 000.” 
ane As all who have studied vehicular tunnels know, their success or failure de- ; 
_ pends largely « on the plaza layouts together with the approaches es on the assump 
tion, of course, that the development leading up to the plazas warrants the 
tunnel construction. By approaches i is meant n¢ not only the streets 
in the immediate vicinity, but also the traffic arteries that | may extend for 
miles beyond. To illustrate: In case of the Holland Tunnel New ork 


whereas the New Jersey appr may be considered | to to, and -con- 
nect with, , every municipality in central New Jersey ai and even 1 Philadelphia, = 
The location of any expensive vehicular traffic facility, whether bridge or 
tunnel, must be the subject: of extensive preliminary investigation, and, as 
Mr. Singstad has indicated, the Regional Plan Association had made very 
extensive and comprehensive traffic studies covering midtown Manhattan 
especially. — This research clearly showed the great need, as Mr. Singstad so 
aptly states, for an east and west traffic axis from Long Island to New Jersey. 
‘The investigations and the plans prepared by the Board of Transportation 
a a led to the conclusion that, to render the maximum benefit | to Manhattan and ~ 
Queens | and to serve the entire metropolitan area most advantageously, such a 
traffic axis should have ample and convenient plazas on both the east and | west ‘ 
sides of Manhattan and should extend by fairly direct connections far into 
New Jersey and Long Island. — ‘It snes provide for express highway service | 
free of the shackles that “ stop-and- -go” lights impose on fast ‘and continuous 
. service. In practical terms the East River tunnel should so connect with the 
‘Hudson River, or Lincoln Tunnel (then being studied, and later constructed 


Cons. Pearl River, N. Y. Gormeriy De ongr. of Planning and Design, Board of Transporter 
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and operated, by the Port of New York’ Authority), that traffic between. New 
_ Jersey and Long Island could operate across Manhattan without emerging into 


the street system or in any way interfering with traffic. P 


portation with the engineers of the Port Authority, a joint west side fe plaza was 
developed, and, through the cooperation of the engineers: of the Board | of 
Transportation with the engineers ¢ of the Borough of of Manhattan, a joint e east 
_ Although the east side plaza, or the Manhattan plaza, of the N D Jew York 
City Tunnel Authority differed radically from the east side plaza : as developed 
by the Board of Transportation, it retained the possibility of a direct connection 
with the west side plaza (the Manhattan plaza of the Lincoln Tunnel), and 
thereby provided the possibility of a direct New Jersey-Long Island highw ay, 
‘if and when the Manhattan tunnels were constructed. ; 
os It is to be hoped that the New York City aii will plan these connect- 
ing tunnels as a postwar project. With that t connection there. should be e consid- 
: erable lessening of crosstown traffic in the midtown Manhattan area, and a 
considerable it increase not t only in the traffic of the Queens Midtown ‘Tunnel but - = 
also in that of the Lincoln Tunnel. This. trend is indicated clearly by the ss 
‘| traffic studies of the Regional Plan Association. — Further extension into and 
= 4 through New Jersey by express highw ay or highways also would increase - the 


In addition, the plans of the Board of ‘Transportation provided an express 
- connection extending ‘several miles into the Borough of Queens, s somewhat 
— similar to that n mentioned in the paper. That connection should be constructed 


as a postwar project, as should a viaduct from the Queens plaza crossing New- 
town Creek and connecting with the Brooklyn crosstown highway which was 
under consideration in 1929 and 1930. _ These connections not only would | 
increase the traffic through the East ‘River tunnels, but would relieve, most — 
assuredly, traffic at and near the Queens plaza, 
A detail that should be studied, if and when the Manhattan tunnels are 
constructed, is the m method of f connecting th those tunnels s to the north and south — 
; auxiliary, streets: provided as a part of the Manhattan plaza of the Queens 
Midtown Tunnel, so that the traffic ‘May move in one direction if reasonably 
possible. In other words, the auxiliary street east of Third Avenue should be 
an exit street, not only for the river tunnels, but also for the Manhattan tunnels. a 


7 : iS Likewise, the auxiliary | street east of Second Avenue should be an entrance : 
street for both facilities. The p purpose of such an arrangement w ould be to 
simplify the flow of traffic at the intersections of the auxiliary strests with cross | a 


is In the case of of the he Queens Midtown n Tunnel, the lighting that was developed 

for the portals v where special attention | was given to the difficulty of passing 

between brilliantly sun-lighted plazas on clear days: and the more dimly arti- 

- fically-lighted tunnel portals undoubtedly has resulted in better. driving condi- 

at the portals, than at the portals ofthe Holland Tunnel = - 
‘Under the heading, “Introduction,” Mr. Singstad refers to remote control 

of ventilation.” lt is suggested that the designers might have gone a step 


~ 


— 
— 
} 
— 
1 
> 
‘ 
e 
iS 
d 
a ‘ 


LEVY ON QUEENS TUNNEL © _ Discussions 


further and not only remote control, but automatic control, of 


a A detail, not mentioned in the paper but which may have been considered, 7 
is adequate widening : and suitable arrangement : at curves to provide for the 


passage fire-fighting 2 apparatus. In the | plans" prepared by the Board o of 
Transportation this matter was | given careful attention, 
EDWARD Levy,» M. D.15 s same high standards of achievement were 


under compressed air on \ the Queens Midtown Tunnel, as for the other features” 4 | 
this outstanding project. The experiences on the Queens Midtown Tunnel 
in this field have provided considerable important « data which may | help to 
establish 1 improvements i in methods affecting health, safety, , and economy on 


As stated by the author, , the medical record for work in compressed air on | 
‘= Queens Midtown Tunnel shows great improvement over t that of the East 
3 River tunnels of the Pennsylvania Railroad. These railroad tunnels were 
built at a time (1904-1908) when practical regulations for the prevention of 
compressed air illness were still in an experimental stage.® As shown in Fig. 2, 


the Tunnel is located near the Railroad tunnels, 


a sound one, and the improvement shown cama due to better n regu- 


There were no legal regulations during the construction of the Pennsylvania 

Railroad tunnels. — For gage pressures up to 32 lb per sq in., the working day Wal 
was 8 hours long, with a half-hour rest period. For gage pressures of from 32 s 
the 
wit 


to 42 lb per sq in., , there were two 3-hr work periods per day with a 3-hr ret 


pression 1 rate of 2 lb per per ‘min. anc 
The first statutory regulations for work in compressed air to be adopted 
New York State became effective on n January 1, 1910. These have since ill 
been modified from time to time | reducing» the hours | of work. Projects ‘192 
constructed since 1925, including the 53d Street, Fulton, Rutgers- Jay, and is] 
Harlem River tunnels and part of the Holland Tunnel work, have been under ia ay 
and are equal to or greater than the prescribed minimums. 
‘The maximum Tates: of decompression required by these regulations are: be 
For 0 to 15 Ib per sq in., 3 lb per min; for 15 to 20 Ib per ‘sq in., , 2b] per min; "pro 
a2 for 2 20 to 30 lb per sq in. , 3 lb per 2 min; and for 30 lb per sq | in, or over, 1 lb 7 rec 
min. As stage method of decompreasion i is used in which the pressure in 
“locking out” is dropped at a Tapid | rate (specified at 5 lb per min) to half re 

by: gage pressure, and the remaining decompression i is at a uniform rate such | 


16 “Caisson Disease and Its Prevention,” -” Henry Japp, Transactions, Am. Soc. C. E., Vol. 65 (1909), 
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that the total time of decompression, including that for the initial rapid — 
‘in pressure, shall equal the time specified for the original maximum pressure. © 
The Queens Midtown and Lincoln tunnels both were built under these 
- regulations with the modification that the schedule of 3 hours of work, 3hours 
a rest, and 3 hours of work was adopted at 0 to. 18 lb per sq in. as well asin 


‘TABLE 3. — REGULATIONS IN EFFEcr IN THE Stare OF New York, 
GovERNING THE THE ‘Maximum Hours « or Work 


Pressure, Pounps rer Square Ince 
neal 0-18 | 18-26 | 26-33 | 33-38 | 38-43 | 43-48 | 48-50 : 
40 | 30 | 20 | 15 | 10 | 075 | 05 
05 | 30 | 40 | 45. | 6.0 | 550 | 
3.0 | 20 | 15 | 10 | 0.75 | 
the range from 18 to lb per sq in. pa on the Queens 


_ The Clark, Montague, 60th Street, and 14th roma tunnels were built 
— under statutory regulations that permitted 8 hours of work in 24 hours in gage 
_ ; pressures of from 0 to 22 lb per sq in., two 3- hr work periods in from 22 to 
| 30 Ib per sq in. , two 2-hr work ‘periods ij in 30 to 35 lb per sq in., two 1.5-hr— 
: Ww work periods i in 35 to 40 lb per sq i in., two 1-hr work periods i in 40 to 45 lb per 
: sq in., and two 0.75-hr work periods in 45 to 50 Ib per. sq in. Decompression 7 
j was specified to be at the maximum rate of 3 Ib per 2 min up to 36 lb per \ 
sq in., and 1 lb p per min in pressures s of 36 lb. per sq in. and greater. — ‘Part of - 
the Holland Tunnel work was performed u: under this schedule of hours of work — 7 


ae the exception that the first and second ranges of pressures 1 were 0 to 21_ 


and 21 to 30 lb per sq in., respectively. 


It is noteworthy that there have been en no deaths due to compressed air - 
ina ‘since’ the construction of the 60th Street tunnel, built from 1917 to 
1921, In fact, the record shows quite conclusively that, although legislation 

is periodically demanded to further shorten the lengths of the working shifts, 

a practical limit. already has been reached if not surpassed in this regard. ; 

+ Naturally it is to be expected that the shorter the time of exposure in com- 

pressed air the less the incidence 0 of compressed : air illness will be, but this « can 
| be carried to a point at which the cost of compressed air tunneling would be 
g prohibitive. . Although tl the practice, ¢ on the Queens M Midtown Tunnel and other — 


of 6 hours in 24 hours is sane both from medical and operational standpoints, _ 
it is evident from the record that further seni S in the length of the working» a" 


Work under compressed air at the Queens } Midtown Tunnel was supervised — 


‘most carefully, and, in some cases, hourly limitations of work and decompression - 
-Tequirements were oven meee rigorous than required by the code. stated — 
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by the author, working conditions and safety precautions were strictly in 
- accordance with the best standard practice. ‘ There were almost three quarters } 


- of a million decompressions, most of them from pressures of from 26 to 37.5 lb di 
sq in. The reporting of cases of. ‘compressed ‘illness wa encouraged 
and the records were kept carefully. _ It was the intention to approach the a 


- ideal as closely as as 1s possible. In this the Tunnel Authority had the full co-— 

ay “operation | of the contractor and his staff, and also that of the members o: of the 

Compressed Air, Tunnel, Caisson, , Subway, Cofferdam and Sewer Construction 


Ce 

Having in mind the idea of using oxygen while decompressing, so as to Ch 
Pa 


hurry the desaturation of the body fluids and tissues of excess aa nd the 


along these lines from July, 1938, to May, 1939. 
Theoretically, at least, this use of. oxygen have been successful. 
In conjunction with the investigation, 17 blood and urine tests: were made on 
men who had suffered from attacks of compressed | air illness, but no causative 

reason was found to show why these men should have been attacked 
others, in whom there was no physiological difference, were not. | Briefly, ae | 


tests with oxygen breathing were successful when conducted with = 
44 


5 
groups | ae the direct super vision of the representative es of the » government 
_agencies. -. s. When continued on a more extensive scale under the contractor’ 
_ supervision, they were somewhat disappointing. _ The investigation indicated 
_ that the use of oxygen in decompressing \ would be practicable for the smaller 
_ groups: of men, especially when they had been subjected to the higher pressures. 
Asa of the oxygen-breathing tests conducted on 


Midtown Tunnel work, the use of helium-oxygen mixtures for the alleviation 


of ear block was s developed successfully.'* 8 As ear block is is the ¢ cause of ma many 


; delay w yhen | a gang is locking into the tunnel, “this use of a idiom -oxygen 


_ mixture (for w which a practical apparatus \ was perfected on the Queens Midtown > 


Tunnel is an important development. 


half hour after 54% occurred during the first hour, 66% 
the first hour and a half, and 72% during the first t two hours after yaaa | oaft 


sion. Fi. Corresponding percentages based | on the record of a great number of wo 
cases on previous projects are, respectively, 44%, 64% Tos 13% and | 82%. of 


comparison of the of types of ‘symptoms on the Queens 
Midtown Tunnel (A), the Pennsylvania Railroad East River tunnels (B), and 
680 cases: of compressed air illness in New York Public Service Commission 
Tunnel pr projects (C) is. afforded by Table 4 . These percentages | are fairly 


_s  . ‘Administration of Pure Oxygen to Compressed Air Workers During Decompression,’”’ by R. R- 
8 Jones, J. W. Crosson, F. E. Griffith, R. R. Sayers, H. H. Schrenk, and Edward Levy, Journal of Industris! 
Hygiene and Toxicology, Vol. 22, No. 10, December, 1940, pp. 427-444. He RS CN 


— 18“ Aelium- Oxygen Mixtures for Alleviation of Tubal and Sinus Block in Compressed Air Workers,” 
by J. W. Crosson, Roy R. tis: and R. R. Say ers, F Public Health Reports, Vol. 55, No. . 33, August 16, 1940. 
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‘As the joints, tissues, | and fats of the body (which 
poorer circulation than other parts of the body) desaturate more slowly ro 
decompression, this accounts for the high percentage of symptoms which are 
elassified as localized pain in the body. 
 TABL E 4—IncipENCE oF SYMPTOMS (PERCENTAGE OF Torat CasEs) = 


Localized pain in body : 
5 


0.5 | 


study of the blood of air Ww on 1 the Queens Midtown 


ever, there w was a definite feeling that aleohol iret a part in the occurrence 
of compressed air illness. M.D., , who w was in direct medical 


following payday 

“payday, and can be assumed to have dissipation as an perm erer’ basis. 

However, there is no particular evidence, other than by casual observation, 


"apparently, that there was an increase in dissipation following payday. 
4 


Table 5 5 does show a marked increase in the incidence of compressed air illness 
5.—INCIDENCE OF CompresseD Arr ILLNESS ON QuEE 
TUNNEL, BY Days” oF THE WEEK (FoR 20) 


TO 37. 5 Le PER | Sq IN Gace PRESSURES) 


Total decom- | Number of | Cases per 100 7 
pressions cases decompressions 


15,715 64 


Thursday (payday)..... 
riday 


after exposure on n Sunday, Ww rhich was was s covered by small wath shifts with little 


of compressed air illness would be expected rather than double the average 


incidence, a as actually experienced. Could this phenomenon be due to. the 
that Sunday follows Saturday night so closely? 


‘The New York State regulations, under which the Queens Midtown Tunnel 


“Whenever the. air pressure in a tunnel heading exceeds twenty- ~ 
pounds per sq. in. above atmospheric pressure, two air chambers shall 


.., 1°“Engineering Problems Related to the Health of Workers in Compressed Air,” by | Ole Singstad, aa 
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always be in use, except for such time as may be necessary when headings 
; ate being started from shafts; and whenever practical the pressure in the 
outer chamber shall not exceed one-half the pressure in the heading.” iia 


"This condition is established by constructing the necessary additional bulkhead | 
andi is generally worked out i in conjunction with the e maintenance of of a bulkhead 7 
within a specified 1 maximum distance of the heading, generally about 1 ,000 ft. 
‘Fig. 11A shows the location of the bulkheads forming the outer air chambers 
in the two Manhattan headings of the Queens Midtown Tunnel, and Fig. 11D 
_ shows s the locations on the Queens side. Using the single bulkhead and no 
outer chambers, 270,672 2 decompressions were made from a 22 to 37.5 lb per 
sq in. range of pressure with 486 cases of compressed air illness, an incidence 
- of 0. 179 per 100 decompressions. _ Using the additional bulkheads and outer 
chambers, 316,595  decompressions were made from a 22 to 37.5 lb per sq in. 
range of of pressures with 646 | gy of compressed air air illness, an incidence of 


mbers; 


4 concerned, this record shows no advantage i in the use of the outer air cha 


chamber has been looked on as a great aid in the | prevention of compressed — 
air illness but the results on the Queens Midtown Tunnel, comparing the | 

— aforementioned large number of decompressions, indicate that this may not be , 
a case. . As the cost of installation, operation, and removal of a tunnel. 
bulkhead is a substantial o one, e, further study of this nates | is s advised as as oe 


in fact, the record for the single air chamber is better. The use of the outer 
4 


of course, is entirely apart from the use of additional aia bulkheads ohn 

ne to satisfy other safety requirements. 
In further regard to decompression regulations, exception could well be 
‘taken to the requirement that the stage method of decompression be used. 
Although there is nothing in . the record of compressed air work in the _ 
‘York : area, including tt that of the Queens Midtown n Tunnel, « definitely ’ to prove 
this assertion, there is, on the other hand, nothing to prove » the efficacy of the 
‘stage method of decompression as far as tunnel el wol ork is concerned. © et 
it well may be that the fast initial drop of pressure employed i in this method 
_ of decompression actually induces the beginning of the formation of 1 the air 
; - bubbles that « are the cause of compressed air illness. © The initial drop to half 
the gage p pressure, as practiced on the Queens Midtown Tunnel, was ‘often 
slower th: than the rate of 5 Ib per min required by the regulations. — ot Nevertheless, 
it is possible ‘that an even slower initial rate of decompression might have 
given better results. This should be investigated on the next compressed ait 
tunnel, It should be ‘remembered that the method o of decom 


a safe. in the minimum time; and therefore it is 
‘ _ desirable method in deep water diving, for which it was: developed, where t! the 


effect of cold increases the diver’s susceptibility to compressed air illness. 
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may be used which sacrifices some small saving in Pome to greater safety. a 


1 «dt is ; interesting to note that, of the total of 1,148 cases of compressed air 
illness reported ¢ on \ the Queens ) Midtown Tunnel work, (194 or 16. 8% occurred 


2% occurred the second period. Such a difference between the 


“incidence of compressed air illness after the first and second periods « of e3 exposure — 
may be explained by fatigue. The fact that some cases after 


‘to ‘© relieve themselves deiten the percha exposure) may contribute slightly to 
the increased number of cases occurring after the second shift, but not to any 
great. extent, as compressed | air illness is painful and it is not likely many 


would wait several hours for relief. 


In the lower pressures, especially up up to 18 lb p per sq in. and possibly higher, - 


hours, ‘rather than two shifts ¢ of 3 hours. This modification would be in Tine 
| with suggestions that have been made from time to time since the early days 

of the use of compressed air in construction, and the experience on the Queens 
Midtown, . Tunnel indicates that it might be practicable as there would be 


. certain operational advantages without adverse effect on safety. This idea 
Roger Leaeer, 2 Assoc. M. A. Soc. E™ literature of 
4 civil engineering has been enriched by this notable account of a notable under- 7 
< taking, an account enlivened by attention to many unusual details of design ~ 
af and construction. As was to be expected for such a public work in the vicinity 
~ _ of New York, due attention was paid to the necessity for preliminary subsurface _ 
exploration. ” The costs of this work as given in Table 2, amounting to only, 


= 2% of the total contract cost, provide further ev videnes | of the economic ~ 
value of such exploratory work. The successful performance of the Queens — 
Midtown: Tunnel makes : any discussion of the ‘main parts of the paper 
academic ¢ interest only. _ There are some details, however, that the writer 


- would like ce to see amplified, if only briefly, , and he therefore ventures to comment, 7 


them. 
 @) Under the heading “Design ¢ of | Structures: Lining for ‘Shield-Dri Driven 

River Tunnels,” af the author gives some details of “the fastening of the bolts 
used for en | the tunnel liner plates and it is noted that “Actual bolt 
: stresses * * nen * varied from intensities considerably less than 25, 000 lb per sq it in. 
to stresses” approaching the yield point of the bolts.” Would Mr. . Singstad 


advise whether the ratchet wrenches used for bolt were merely 


sed § standard Ww wrenches: or, alternatively, wrenches designed to give a fixed maximum 

ine torque? Use of wrenches of the latter type is standard practice in certain 
be “branches of aircraft work, great ingenuity having b been displayed in their rdesign. — 

is 8 a is to be hoped that one of the1 many minor by-products of the present wartime ’ 

Received b by the July 29, 1943, 
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- industrial development will be the acceptance of such tools i in civil | engineering ’ 
- Practice, particularly since bolts and turnbuckles form so important a part of 
many structures—being designed for definite initial stresses and yet all too 
often installed without reference to this requirement. The writer has in mind © 
_ particularly the turnbuckles used for supporting bulkhead retaining walls as 
‘equivalent i in importance to the bolts described in | this paper, ; 
(6) In 1 dealing with the Manhattan plazas’ and ‘approaches, the author 

states that. one design for the plaza w was not adopted since construction costs, 


fora thin invert slab and drainage system, were about the s same as those for a 


unusually complicated. ¥ Could Mir. Sinasied ‘amplify. this 
ss of designs in order to make clear why drainage thus had to be neglected? a 
— Finally, i in view of the ‘ “structural” use to which the clay in the: river 
__ blanket was er could Mr. Singstad give details of the type of ies used for 


for In March, 1943, page 374, Fig, 
5(b), “Air Ducts Between Tunnels” “refers to the left- hand and ‘Air 
Ducts Top” refers to the right- hand ation; page 384, 
tract No. to’ ‘contracts 


“Fig. 114”; and and page 396, Tine 1 13, change 
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ENT OF THE | CHICAGO TYPE 


“BASCULE BRIDGE 


Discussion 


By MEssRs. CLINTON D. HANOVER, JR., 
ARMOUR T. GRANGER 


D. Hanover Assoc. M. Soc. C. in the 
“Synopsis,” this paper describes the development of a bridge type serving 
peculiar local requirements. — Mr. Becker’s treatment of his subject, in chrono- 

logical form, is interesting as a record of the evolution of this one type of 

bridge and as a record of the experiences of one agency in the design and 
operation of movable bridges. Unquestionably, other agencies—such as 
states, other cities, and railroads, who design and operate. movable bridges— 


have and parallel records of experience and development o on various 
_types of movable brid ges. 
The original sources of some developments i in 2 the | art ¢ art of movable bridge 
design ‘might be hard to. trace, : since not only e engineers employed by agencies” 
ow ning the bridges, but also engineers employed by contractors, , manufacturers, 
and consulting engineers, have from time to time added their share to the 
general development. — Many of these improvements in design, especially im 
provements in the | design of details, are reflected in the latest specifications — >) 
prepared ‘under the. auspices of various engineering societies. These specifica- 


4 tions are based on the mee of many practicing engineers and apply to 
all types of f movable bridges. 


= Howevi ever, the choice of the general type of movable bridge is ; still a question 

for determination on the basis of conditions at the site and on the basis of | the 

requirements of navigation and highway or railway traffic. For this reason, 
ad full discussion | of the advantages of any one type of movable bridge is. of 
interest to engineers 's responsible for the selection of types for for use at vario various — 


Nore.- —This | paper by Donald N. Becker, M. Am. Soc. C. E., was published in February, 
i, 


Proceedings. Discussion on this paper has appeared in Proceedings, as follows: June, 1943, by Alonzo J. © 
Past-President and Hon. M.Am.Soc.C.E. © 
Bureau of Bridge Design, Dept. of Public New N. Y. 
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tes that, with the of City of Chicago, the 

4 rivers were deepened and widened, providing channels varying in in | width from — 
—-100 ft to 250 ft. Table 1 gives among other things, the clear sg} span and the 
: - width of the river duane for each of the Chicago-type bascule bridges on these 
‘Tivers. . Iti is interesting to note that, for many of | the bridges, the clear span 


4 s the width of river channel considerably. As - example, a few of 


Width of ri river span, Ratio, clear 
Location channel, in feet  infeet span to channel 


West Division Street (Canal) 90 135 ing ; 
West Division Street 67 
North Western Avenue 184.58 
North Halsted Street (Canal) 184. 
West Webster Avenue 120 161.25 


‘West Belmont Avenue 161.25 


It is the writer’s understanding that in each of these cases the clear span coeds 
the river ¢ channel because the bridge does not cross the channel « at right angles 


but er crosses at a considerable skew, and that in each case a normal bascule, or 
my As the leaves of a normal bascule bridge rotate on an a: axis which is ‘normal 
at skew crossings to ) provide § spans with a clear distance between piers 
_ siderably in excess of the clear width of channel. Also this condition has 
- required that the large ‘rectangular bascule piers be placed at an angle to the — 
7 ‘direction of the channel flow, thus disturbing the flow of the current as well 
as blocking off a greater width of the waterway to the flow of current. At such 
= locations, in order to protect river traffic, it also has been necessary at times 
provide independent fender systems of considerable cost along 
lines of the real channel. Werks of Now York 


The intersection of Hamilton Avenue and the canal an 
of 56°. The old bridge at this location was a skew bascule bridge of the rolling — 7 
lift or Scherzer type. | _ The main girders of this bridge were framed normal to - 

_ the channel lines, the axis of rotation being parallel to the channel. - This 7 
resulted in the main girders being placed rather close together, thus limiting 
the available e space for counterweights and machinery, and i in large triangular 
parts of the roadway framing being cantilevered outside of the main girders. 

the clear channel width was only 46. 5 ft, in order to obtain: any 


of substantial a double-leaf bascule bridge was use used. 


In making studies for the were tried, among 


om a skew bridge, similar i in arrangement to the original one, and a double- 
a bridge without skew. | 7 The skew design was not favored because of the > 
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require a clear span parallel to the bridge approximately twice 


Vl of the ian homes estimate of cost of he bridge without skew 

-was so great that it, too, was not considered with favor. me 

— On further study, the writer developed a new type of skew bascule bridge | 
that has the advantages of a bascule without skew, without the disadvantages | 


_ attended by the extra length of sp span. _ ‘The forward leaf of the bridge i is made 


‘Fro, 20.- oF Unpensioe oF THE Bascute Lear IN 
to the channel lines, thus making the forward leaf as short as possible and 
— allowing the center line of trunnions to be parallel to and as near to the channel 
line as possible. _ This gives the shortest span from center line of trunnions to 
- toe end of span that can be ) arranged. The ‘main girders are ‘spaced a as far 
» apart as may bi be desired, thus permitting complete and. substantial bracing 
systems to be 1 used, allowing ordinary” concrete in the -counterweights for. 
_ counterbalancing, and providing maximum room for r locating the operating 
e machinery between the main girders. Since the piers are built in line with 


_ the channel, the channel flow is obstructed the minimum amount. ee 
Age Although the center of gravity of the forward leaf is not midway hn 
the trunnions or supports, the center of gravity of the counterweight can be 
“midway between the trunnions, thus providing a counterweight of usiiform 


section throughout its length. 20 is a view underside of the 
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j leaf in the open position, showing | the framing of the main _—— as well as that 
“of the other structural members of the forw ard leaf. ‘The of this type 


in cost. _ The same nel can be conte in a double-leaf f layout for w ider skewed 
This exper experience in the City of New York may be of interest in other cases 
Ww here skew crossings are involved. It is the writer’s 8 belief that natural con- 
ditions of the relative alinement of roadwa ay 1y and channel result in considerably 
more skew crossings than square ones, especially since the tendency i is to main-— 


tain a straight alinement on highways to accommodate modern high speed 


m Mr. Becker st states that in the inde the South Canal Street bridge some 
new ideas are incorporated, among them the use of open grating for the roadway 
: ‘pavement. — _ This type of grating early was recognized as economical if used as 
a floor for movable bridges. The City | of New York has nine bascule bridges 
with this type of decking inst installed, some of them o older bridges on which the 
floor has been reconstructed. — The Hamilton Avenue bridge shown i in Fig. 20 
is one of the new bridges on w which this type of floor was installed. The writer | 
ay 
agrees that its use saves weight “not only in the floor but in n the supporting the 
Bp sean and in the counterweight. In addition, ‘it Teduces the operating § lock 
forces required, as both friction and wind load are leenned, thus 1 reducing the § fact 
pow er and the weight of machinery required. base 
It is interesting to note that, on the South Canal Street bridge design, the with 
use of an hydraulic | drive i is contemplated. ‘4 In 1937 the \ Ww riter made a study ‘and 


could be very more sensitive than with an alternating chin 
current | electrical drive. | ~ How ever, at that time, the idea was rejected because oper 
= manufacturers of the "various hydraulic drives available were not in a § lock 
Position to. assist in the development of automatic control ‘to load. 


factor against of the drive was that some worked ff aver 
on | a a high-pressure basis and others on a low- “pressure basis, and, in case of § road 
emergency replacements | being required, there necessarily would have to be “e 
full dependence upon on only one or two manufacturers. inter 


Armour T. GRANGER,’ M. Am. Soc. C. E. 9¢__A]] engineers en; engaged in the It he 
Missa of movable bridges should be interested in this timely and valuable span 
_ paper. The comprehensive account of the development of the Chicago bascules Ber 
from the crude structures of the past cen atury to the excellent and artistic spans" 


of the present reveals strikingly the ‘tremendous advances which have been the f 


made in the design ¢ of bascule bridges during this period. be ee why 
_ Pound for pound and dollar for dollar, the bascule probably presents more § of ya 
"intricate problems than any other type of bridge structure. The successful T 


solutions of many such . problems are presented in the paper. . Certainly the supp 


= Prof. and Head, Dept. of Civ. Eng., Univ. of Tennessee, Knoxville, Tenn. 
Received d by the Secretary June 28, 1943. 
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engineers who have participated in the design and development. of the Chicago 
e | bascules have contributed greatly to the science of designing movable spans. 

z | The writer is strongly of the opinion that the simple trunnion bascule, with 
1 the counterweight beneath the floor, as exemplified by the Chicago bridges, is’ 
| in general the most desirable of all bascule types, including those types of 
Ss -double- leaf bascules which require the span to function as a ‘simple s span or as 


anything other than a pair of shear-locked cantilevers when the leaves are 


i- Among the many interesting and difficult problems r requiring solution in the 
d design of a bascule are the following: Method of supporting the inside trunnion 


| bearings, details of floor breaks, Tail joints, provisions for trolley wires during 
movement of span, span locks, arrangement of counterweights, arrangement of 
operating machinery (frequently in limited space), adequate provision for 
proper machinery alinement, prevention of moving interferences, and many 
others. _ Some of these have been en in the paper. _ Limitations of : space 


™ is hoped that in his closure the calla may comment on more of these « details. 
er | It would be of interest , for example, to _ have some information relative to 
ng | the development of the center locks for -double- leaf spans. Various types of 
ng § locks have been devised and used and some of them have not proved satis- 
he | factory. = (This statement is : general and is not made in reference to the Chicago 
oO bascules.) — A thoroughly satisfactory lock should grip both leaves firmly, 
he |} without play or clearance, should be arranged to engage and disengage readily, - 
and should be so designed that no part of the lock can foul either leaf. The 
she § lock mechanism, of course, should be | SO interlocked with the operating ma- - 
ng chinery that power to operate the | span cannot be available until the locks are 
ise. opened fully. _ Any lock which involves vertical play or clearances: with the : 
1a | lock in closed position is s likely to cause e objectionable bumping or impact when 
to loads pass over ‘the floor break. 


cal s The details of the center floor break are also important. y Such breaks ; row 
ulic designed to igsure : smooth tiding over the joint under all conditions. 


be if ‘Some discussion of the choice of the type of trussing used would be of 
interest. Warren trusses were employed for the West Lake ‘Street bridge 
sia (Fig. 12), but apparently Pratt trusses were used for all the other bridges. — 

‘It has been the opinion | of the writer for many years that, except for shallow - 
ab’ B spans with deep members where s secondary stresses may be of consequence, a 
‘Warren trusses are preferable to Pratt trusses for practically all riveted bridge 

o,f Spans and the great popularity of the W arren truss in recent years evidences Ce 


— the fact that many engineers are of this oj opinion. A statement of the reasons 
a why Pratt trusses were selected for the Chicago | bascules ‘should therefore be ~ 
ssful _ Another detail of much . interest i is the use of the live-load bearing or forward 


support in the front wall of the bascule pier. It would appear that the de- 
sirability of using such supports is somewhat open to ‘question. In designing © 


double-leaf, deck-girder, bascule spans the writer has investigated their use -— . 


= 

| September, 1943 

7 
— 
— 

— 

— 

i 

a 


1042 


GRANGER ON CHICAGO. BRIDGES» 


— 


more than one occasion, but has omitted them. These supports will afford 2 an . 
a : appreciable saving in the weight of the forearm girders or tr trusses, but they have f 4, 
; attendant disadvantages which tend to offset this. These dinadvanteges may tr 


_ (1) With the forward supports omitted, the double-leaf, trunnion bascule is ¥ Pe 

: statically indeterminate for | live load to the first degree only, and the actual ; 

_ stresses can can be determined quite closely. . The introduction of a forward s sup- be 

“port in in each leaf renders the span threefold indeterminate, and the computed tu 

stresses therefore are likely to be considerably more in error than if the forward Se 


‘supports are or omitted. The fact that the inside. trunnion support usually has a 20 

‘certain amount of flexibility contributes to the | uncertainty as to exact stress es 
distribution. Furthermore, since the relative simplicity of the trunnion bascule of 
(as compared to other types) is one of its principal advantages, it seems rather [| 7” 
re 


‘a step in the w rong direction to detract from this simplicity. 


(2) It i is ‘seldom, if ever, possible t to make the | support earry liv wi 


‘the forward cae, s, and it is possible in some cases, where the live load is 


im “heavy, for the “live- load support” actually to be su’ subjected t to the full dead load s 

on one trunnion in addition to the full live-load reaction. en 


‘The truth of this statement should be apparent from the following con- de 
_ -‘With no live load on the sp span, the live-load bearing (forward support) : and 

- live- load anchor at the rear are adjusted presumably so that the parts of these 


- symmetrical live load on both . forearms—which ‘condition will g give : zero shear at 
the center locks and negative moment for the full length of both leaves. _ As = 


each leaf is held vertically a at the forward bearing and rear anchor, that part of cel 
the span between these two points then will deflect upward. ” ‘This upward — aw 
deflection will reduce the dead load on the trunnion bearingsgand, unless the _ 
trunnion supports are quite flexible, enough dead load will be thrown off the an 
bearings to the leaf to balance the moment of the live load on the leaf about For 
the forward support, with a consequent i increase in the reaction on the forward the 
support. - _ As the the distance from ° the trunnion to to 1 the forward support is small su 
compared to the length of the : forearm, this increase in the reaction is s large, ‘Tai 


and, with some span dimensions and live loads, it is possible to take the dead F the 

load completely off the trunnion bearings and transfer it to the forward support. bas 
| Such behavior of the span calls for heavy forward supports. _ Although t the f ca 
total resultant load on the foundation, of course, is in the same location with ba 


a or without the forward support, the manner in which it reaches the foundation by 
mm is quite different in the two cases. Iti is sometimes difficult to care locally for 201 
the heavy concentrations re resulting from the forward support and to insure that fay 
are distributed properly over the foundation. 

hal Transference of at least part of the dead load back and forth from the mM 
trunnion to the forward support seems rather objectionable | and appears to ' des 
detract from the simplicity inherent in the trunnion bascule. 
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The writer should state te again that his investigati ions | of this ‘matter have 


re 
more ingenuity has been exercised in devising methods of sup- 
ie porting the inside trunnion bearing than in connection with any other bascule — 
“ detail. Some very ingenious ways of accomplishing this on the Chicago 
7 bascules are described by the author. _ Another method, similar to the longi- 7 
1d | tudinal, girders: used for many | of the later ‘bridges, consists of sup- 
rd 
ich | ralls of the can where the distance from er crown 
le of roadway to center line of trunnion permits. 
“" Another good arrangement. (patented) consists of supporting the inside 
| bearing on a bracket cantilevered longitudinally from an inside trunnion column | 
bad which rests on the floor of the pier. The column is so shaped in elevation as to 7 
ie in fit into a notch in the counterweight to clear thes span in the fully raised position. 
in It is desirable, but s sometimes ray rather difficult, 1 to provide ‘approximately 
i. = rigidity i in the supports. for inner and outer trunnion bearings. — ‘If there is i 
ail much difference in the dead- load deflection o of these supports, pr may be 
encountered during and after erection. 
St The writer has had occasion to investigate the matter of transverse centering | 
“for the leaves | of girder bascules and always reached the following 
. (a) ‘Transverse centering was not needed; ae 
_ ) Any device that would deflect the leaf laterally by any appreciable 
ull amount would need to be so large and powerful as to be impracticable. 
As F There are a number of s spans with wide roadwa ays, having interlocking tooth 
a : center | breaks and no transverse centering devices, and so far as the writer is 
| aw are there has never been. any transverse fouling on these spans. wl ss 
a The author has made a few comments relative to the comparative appear- 
ance of bascule and vertical lift spans, and a word on this subject may be in 
— order. _ Having been connected with the design of many spans of both types, 


the writer is decidedly of the opinion that the bascule span is not necessarily 


to the vertical- lift span. Certainly or 


ead of m many y engineers nothing i is more than s some of 

ort. - bascules with overhead ¢ counterweights. With thought and care the lift span 
the can be given a very fine appearance. In the. opinion of the writer, the Harlem 
vith River (Triborough) lift span in New York, N. Y., is not excelled in 1 appearance — a 
tion by any movable bridge in the world. © _ Certainly, however, the required hori- : 7 
for. zontal and vertical clearances at Chicago, in general, ‘are not particularly 
that for liftspams, 

In conclusion, the writer would like to state clearly that no statement ;made e 
the in this discussion i is ‘intended to imply unfavorable ¢ criticism of f any point in the 

. to - design ¢ of the Chicago bridges. . They are c certainly y a worthy m monument to the 


city and the engineering ede the paper is a valuable addition to o the 
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DIS CU J US SIO 


SIMPLIFIED ANALYSIS OF 


GEISLER, AND ARTHUR G 


THUR G. 


D. Gerster,’ Esq. 7*—The subject. of this paper long has been “more or 
less of a nightmare to structural engineers. When confronted with the task of 
a > designing « a skewed frame or arch, the designer has been obliged to wrestle with 
_ The writer favors Mr. Hodges’ simple method of procedure, in which first 
a the frame is analyzed a as a rectangular structure in computing the horizontal — 
-Teaction H, and then cor rections are made for the v varying effects of the skew > 
at the different points along the arch axis. 7 —Itis surprising, how ever, that the | 
torsional moments, W hich determine the amount of transverse reinforcement, 
have: no effect in n concentrating the. dead load reactions and the live load reac- | 
tions at the — edges of the frame, thus increasing the main stresses at the 
Mr. analysis. of the main stresses would 2 appear to agree with the 
oe advanced by Rankine and other early authorities w ho assumed that the : 


pecige in a skew ed arch were similar to those in a symmetrical right arch of 


span equal to the s span on the skew. are 
_ The presence of certain concentrated stresses at the corners of a skew wed 
barrel structure long has appeared evident from various model tests, and also 


hen many concrete rigid frames of considerable skew have been “constructed 
during the fifteen ‘years since about 1928, apparently without added allowance ~ 
for concentration of stress at the obtuse corners, and no reports have come to 


| Nore.—This paper by Richard M. Hodges, M. Am. Soc. C. E., was published in May, 1943, — 
Senior Highway Bridge Engr., Public Administration, Works Agency, Washing- 
Received by the Secretary June 21, 1943. 
“Progress Report on Skew Arch Tests,”’ by G. Ww. Public Roads, Bureau of ‘Public Roads, 


--U.S.D.A., Vol. 6, No. 9, November, 1929, p. 185. 
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the writer’s attention of any indication of distress in the skewed barrel iniiaie 


at oF near these corners 


Fe ane to shift toward the center of the abutment with a ninianaation 


than: an increase in 1 the e critical stresses. ‘ On the « other hand, a lateral movement 
of the abutments due to side thrust Ww ould tend again to increase the concentra- 


tion of horizontal reactions at the obtuse corner. as 
Reports of failures in skewed ‘barrel. structures appear to be confined 
generally to true arches, which have a nes horizontal | thrust, and depend 
for their stability on an unyielding foundation. A relatively thin s section for 
the arch barrel above the springing lines will satisfy design requirements due 
to the absence of the high bending s stresses which exist in a flat-top frame. 
Since: 1933 some twenty - skewed concrete frames and arches. (most of which 
have been constructed on National Park projects) have been designed under 
the writer’s ‘direction. These structures comprise a variety of barrel- -type 
- arches rai ranging ng from flat- -top frames to circular and elliptical arches, with 5] spans 
3 up to 114 ft and skews up to 45°. ‘ Tn these designs the final stresses were de- 
a termined after calculating the eccentricity of reactions, based on the relative 
stiffness of elements radiating from the superimposed load to the abutments 
and involving the angle of skew, ‘Span length, and width. — The frame | or arch 
barrels were divided into sections or strips from about 


for practical construction In the the 

_ individual section was designed ; as an independent arch rib, and the stress | 
analysis of the structure was based on the investigation of thin wtb a section. 

The analysis involved the assumption tl that each section would deflect inde- 
pendently of the adjacent sections and that no load would be transferred across 

the longitudinal joints. Inasmuch as the concentration of reactions at 


obtuse ¢ corners ene on n the ¢ effective ew vidth of the structure, if the barrel i is 


“its own load to the abutments i in much the same way as a timber roadway plank ~ 


laid diagonally ‘carries its load to the stringers. % However, in order to provide 
lateral distribution for heavy concentrated live loads and to prevent — 

_ Which might break up the roadw vay pavement in cases Ww here a thin roadway 
surfacing lay directly on the frame, the : sections were keyed together for a 7 
length of a few feet at the crown of the arch. _ Furthermore, to tie the chal 
transversely, particularly i in "structures: retaining a spandrel fill, transverse 
reinforcement extended over the full width of a vaste, conning the joints 
between successive sections. — To w hat extent the keys at the crown and the 
transverse reinforcement. might act to upset the ‘assumption of independent 
deflection of each strip is questionable, of course, but it is doubtful that the | 


small keying action so furnished would be sufficient to cause deflections in the _ 


: | degree in the rigid frame type of bridge as they apparently do in arches, ae 

) since structures of the frame type generally are not founded on rock and any ee 
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successive concrete which could produce serious overstressing in the 


The usual computations for reactions in a statically indeterminate _ 

concrete structure are > based on on 1 relative deflections 1 in the concrete is 


the line of resultant thrust departs but little from the ‘middle third when only 
small tension stresses occur. In the computations for deflection of a rein- 

forced concrete barrel frame in a . diagonal direction, o or along. an element not 
_ parallel with the reinforcement on which the tension steel | can act only directly, 
considerable error may | be involved. An element crossing the r reinforcing steel 
diagonally w would likely develop tension cracks under flexural stress, resulting 
‘in n a reduction in i in its effective moment « of inertia. — Its capacity as as a beam f for 
transmitting any y considerable amount of load to the obtuse corners then would 

— «Iti is quite conceivable that in many existing skewed barrel structures local 
concentration of forces, if this occurs, could | produce o1 overstresses of as much as. 
¥ 50% without g giving any indication of distress, particularly i ina structure that 
4 otherwise is designed conservatively for moments and side thrusts. iy 
_ Tentative conclusions drawn in 1925 at the completion of the foregoing tests _ 


made ¢ on onan of true arches by the Bureau of Public Roads were as follows: 
vertical ‘reactions varied uniformly fi from a maximum at the obtuse 


of the arch to a minimum at the acute angle. 


2. The increase of the vertical reaction at the obtuse - angle of the sees 


= 


4 varies directly as the angle of skew. 


The resultant pressures of both the horizontal a nd vertical ania: _— 
move toward the obtuse angle of the arch with an increase in the skew. =, r" 
4. The direction of the side thrust is ; toward the face of the arch at the = 
~ acute angle and the intensity increases with the degree of skew. a oe = 
-. ‘The foregoing conclusions could Id be interpreted to in indicate that the reactions | We 

‘ from a superimposed load on a ‘span have a tendency to. follow the shortest ine 
distance | the abutments. In a beam and girder bridge, ‘the reactions | Ap 
determined readily by the relative stiffness of the supporting members. Ina § - sol 
slab o or barrel arch structure, however, a close determination of the reaction | des 
- distribution is more involved. © Fortunately, in in the latter structures a con- § OF 
centration of load is seldom serious. 

Aureus G. Haypen,® M. . Am. Soc. C. EB. °—The de development of analy: sis hes 

for skewed arches and tigid frame bridges has been a subject. of intimate interest ‘De 
g the writer from the beginning. _ Therefore, he can appreciate the value of was 
Mr. Hodges’ contribution to the literature on the subject. as oR pay 
Historical Perspective —In 1920 the writer was assigned the duty of revising 

4s plans for an arch . bridge ona very heavy skew (more than 50°) and sensed that — — 
“something was wrong with the design. Undoubtedly, if the bridge had Am. 
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built according to the original plan: 
have slipped along the very smooth skewbacks of the abutments which had | 
_ already been built, and a collapse would have followed. There was compara- 
| tively little steel reinforcement projecting from the abutments for anchoring 
the arch ring thereto. A thorough nae was made in technical literature, 
and it was discovered that several attempts had been made by e engineer- -mathe- 
. maticians to solve the problem of the skew arch; but all of the > analyses dis 


covered we were that the w Titer do was to saw- w-tooth 


structure seemed namenatlile, and the design of several skewed bridges on the ; 
_ parkways of Westchester County was in prospect. — Happily, a paper by Pro- 


P fessor Rathbun appeared in the February, 1924, Proceedings ‘of the Society, 


be . epoch- making i in n the feld of structural analysis. . Unfortunately, the validity. 
of Professor Rathbun’ s theory was questioned at first, and a practical test of 
_ the theory was authorized by the Society and assigned toa 1 Special Committee 
on Concrete and Reinforced Concrete Arches. 10 The late George E. Beggs, 
M. Am. Soc. C. E., of Prineeton University i in Princeton, N. J., was engaged to 
make a a deformeter analysis on models of skewed arches : and Professor Rathbun, 
“then of the South Dakota School of Mines, in Rapid City, was engaged to make 
mathematical analyses for structures: the same proportions. Professors 
- Beggs and Rathbun were not ‘in communication with each other | during the 
- progress of the work, but, when both | parties had ‘completed their assignments, 
“results were compared and were found to be in very close agreement. This was 
"accepted as a verification of Professor Rathbun’ stheory, 
In 1925 Professor Rathbun was engaged to extend his theory of the skewed > 
fixed arch to skewed rigid frame bridges, because the Bronx Parkway Com-— “= 5 
_ mission and its successor, the Westchester County Park Commission, was faced ; 
. with the design of a number of bridges of this type for grade s separations on 7 
‘i Westchester County parkways. Professor Rathbun’s work was accepted, but, 7 
i in order | to make it more useful in the designing room, an adaptation was made." 7 
. Apparently even this “simplification,” involving as it does the derivation and b 
7 solution of four simultaneous equations, was not suitable for use by the average 
: designer, and, because of this, many bridges have been built on poor alinement, 
or unsatisfactory types of structure have been used in order to circumvent nh, 


analysis ofa skewed arch or frame bridge. 


= Early i in 1942 Mr. Hodges and the writer were engaged on the analysis o ofa 
heavily skew ed rigid frame bridge for the highway network near the new War 
Department Building at Washington, D. ry _ The writer saw that Mr. Hodges - 
was near the goal of a genuine simplification, : and urged him to prepare the 
paper now under discussion. The value of the work can be appreciated when | 


= considers that the solution of four simultaneous equations is now reduced - 


wr 


eos Ange of the Stresses in the Ring of a Concrete Skew Arch,” by J. Charles Rathbun, Transactions, A 
“Concrete and Reinforced Concrete Arches,” Final Re Rept. of the Special Committee, ibid., Vol. 100 

| eS, = ‘The Rigid- Frame Bridge,” by A. G. Hayden, John Wiley & Sons, ‘Ine., +» 1940, 2d Ed., Chapter xX. 
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HAYDEN ON SKEWED RIGID FRAMES 


‘to the: solution ‘of two. 


_ been removed except the horizontal thrust as calculated perpendicular to the 
abutments. He: then analyzes” the structure on the square span and derives 
the » remaining redundant reactions. It appears that he could as W ell have 


taken a residual system in in which all ied reactions have been removed 
except the horizontal thrust as calculated parallel with the skew. Stresses 

would be analyzed on the skew span and the remaining redundants wanna 

Subsequent transformation of stresses in the square 

the skew direction would be avoided. Although the same prin- 
ciples would be involved, the redundants would be derived differently. _ The 
final total reactions, however, would be the same. It has been shown that, 
in general, te! one of a omabe of “transformed” or “residual” systems may be 
selected as a basis for deriving redundant: reactions, ‘the number of possible 
residual sla depending upon the number of redundants to be calculated.” | 

- Some of these systems involve much less mathematical work in solution than > 
others. So, in a the case of the skewed frame bridge, one of the residual systems: 
may involve less work in solving for the redundant reactions due to the effect. 


skew than the other other system. 


structure to full extent and should be peiaaaon for in design. “* a matter of 
an fact, Professor Rathbun has warned™ that the problem is made even more 


° complicated by the use of T-beam construction. If all the ribs did act inde- 
7 a+ pendently, the eccentric loading from earth pressure at the ends | of the bridge 


12“‘The Rigid-Frame Bridge,” by A. G. Hayden, John Wiley & Sons, Inc., 1940, 2d Ed., Chapter IX. — £ 
18 Transactions, Am. Soc. C. E., Vol. 107 (1942), P. ee 
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mes of the: need for ductility in in structural steel is penntebl in this p paper. ~The 
ee author’s ideas also are applicable to other materials than steel. _ Although the 
functions of ductility generally are recognized, it is is difficult to place a quantita- 
4 tive value on the importance of this property or to establish limits within which 
it may be varied without sacrificing structural safety. _ The author’s statement 
in the “ Synopsis” implying a definite relation een prescribed physical 
idaeettlien including ductility, , and the behavior of structural. members, seems 
the writer to require some elaboration, 


am 
2 


As long as the structural engineer was s concerned principally with the use 


_of carbon steel, the question of ductility w was not important. ‘The present trend | 
“tow yard the use of less ¢ ductile alloy steels meninersaeive metals for s r special t uses, 
ever, where w veight si Sé aving is an important consideration, makes 


of greatest interest is not, “How is s ductility useful?” ‘How much 


ductility i is needed?” 
7 -Duetility generally i is expr ressed i in terms of percentage elongation a: and reduc- 
tion in area as determined from standard tensile tests. Ratios of tensile yield 7 


| - to ultimate strength also give a measure of ductility. Specifications for certain : 


. “alloy steels limit this ratio to a maximum of 0.70,”" w hereas for carbon steels it 
‘usually ra ranges from 0.50 to 0.60. it ‘should be emphasized that all materials 
do not exhibit the same characteristics of ductility. — ong the heat- treated d 


Proceedings. a on this paper has appeared i in Proceedings, as follows: March, 1943, by Jonathan 

Jones, M. Am. Soc. C. E.; May, 1943, by A. B. Kinzel, Esq.; and June, 1943, by Messrs. Almon H. Fuller, 

Research Engr., Aluminum Research Laboratories, Aluminum Co. of America, New 


Received by the Secretary June 3, 1943. 
as “Specifications for Steel Railway anon,” A.R.E.A., Pt. 3, Alloy Steels, 1938. 
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4 aluminum alloys, 


ultimate strength | of 0. 85 and an dlengetion i in 2 in. of 114%, may show better 
ductility as far as forming operations | are concerned than alloy 17S-T, with a 
tatio of tensile : yield to ultimate strength of 0.65 and an elongation « of 20%. If 
reduction in area is used as the measure of ductility, however, rather than the 
Tatio | of tensile “yield to ultimate strength, or r elongation, a more consistent 


‘indication ¢ of the relative forming characteristics of these. particular : aluminum 


—— Carbon steel apparently has” such a margin of ductility bey ond that re ~ é 
"quired for most structural uses that there has been little need to attempt to 4 .s 


“establish a sh a definite r relation between this property and the behavior of structural q 


members. Observations on the behavior of actual structures are of little help n 
in this respect since the latter are not designed to function in a stress range J it 
where ductility is a significant factor. Few structural tests appear to have been — a: 
in which the effect of ductility was one of the principal variables al 
sidered. . It has been shown by static tests on riveted joints o of steel el and alu- E 
minum alloys® that differences in elongations ranging from a minimum of 11% To st 


- to a maximum of 39% (measured over gage lengths of four diameters) had no 
apparent e effect upon structural behavior. — The joint strengths were within a 


few p ia ‘cent of predicted values, indicating that the needs for ductility to level 


_ The author points out that the welding of structural steels may produce ~ 
stress concentrations thata are detrimental to the fatigue strength ofa member. 
is made of the effect of w elding up upon ductility. Tests by Professor 

Wilson, with Messrs. Bruckner and McCrackin," as peel in 1942, have 

- show n, how ever, that elongation values for butt welded tensile specimens of ™ 

low -alloy steels | may be as low as as 5% i in 8i in., , when fractures occur in the welds. F 
‘The effect of this ‘local brittleness” upon shock resistance and fatigue strength I 

> a would appear to be an important consideration, although the i increasing use of 4 

g welded steel construction might be interpreted to mean that this reduction i in Fe 


Experience i is needed, of course, to indicate to what extent ductility r may 
“utilized in a structural materiel. The civil engineer, accustomed to thinking 


<< in terms of the ductility of carbon steel, will naturally have a different concep- 4 
tion of this property, ‘and of minimum structural requirements, than the aero- 


th 
— engineer, whose principal structural materials are alloy steels and non- oO 

ferrous metals. The successful use, in aircraft, of metals having 

-elongations of 10% to 14% in 2 in. (which is ; appreciably less than those Bt 

s generally prescribed for other types of structures) emphasizes the need fora B Ip 

better: understanding of the functions of ductility with respect to structural rt 

____ 8“Riveted and Pin-Connected Joints of Steel and Aluminum Alloys,” by Leon 8. Moisseiff, E. C. phe 

/ Hostmena, and R. L. Moore, Proceedings, Am. Soc. C. E., January. he 

% Bulletin No. 337, Univ. of Illinois Eng. Experiment Station. Urbana, IIl., 1942. = 
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| September, 1943 MOISSEIFF ON STRUCTURAL PROPERTIES _ 

Memewe? M. Am. Soc. C. E.2°*—The experience that engineers" 

and metallurgists have had with structural members has brought to their sleds 

in recent years an increasingly important problem. Professor Wilson deals" 

with the information essential to this problem. — ‘He asks what. physical pr proper- 

ties of metals are desirable and may be ) required to assure the best behavior of 

- structural ‘members. _ The problem i is not an outcome of theoretical considera- 

tions; ‘it is a purely practical one. _ Based on his wide experience, Professor — 

Wilson poses the problem on observations, engineering — and tests. a 


to ‘infer that, if certain physical properties are ‘there must some. 
“quite definite relation between these properties and the behavior of structural. 
members.” This suggests that the author doubts the correctness of the 
so do many engineers with him. has been found in 


stated Profesor Wi Wilson, many years experience in { fabricating and 
- structural carbon steel have proved that these specifications and the prescribed 
tests for the acceptance of the material have served well the requirements of 
the structures in operation. In fact, it: should be emphasized that the specified 
physical properties of structural carbon steel and the acceptance tests for them | 

- have been developed d by engineers during these many years” of experience | by | 

closely following the behavior of the material, constituent members, and 

5 _ structures inuse. Also , it should be kept in mind | that commercial acceptance 
tests are limited by ‘practical considerations. the practical side it is 
important that such tests should be relatively simple and should consume little - 

time. Acceptance tests have been standardized for fair comparisons and 
results and also to attain speed i in testing. 

a Engineers early recognized that the strength of the material is the first 

s requisite. : The behavior of the material under action of load or strain also soon’ 
attracted t the attention of the practical ms master mechanic—some kind of a bend 

test was used for metals long before scientific testing. — In developing the 

_ standard tension test for strength, the phenomenon of ductility attracted atten- = 

tion and was made part of the tension test, largely because it was concomitant e 

with it. (This i is available with the tension test and consumes little additional 7 
time.) The observation and recording of the reduction of of area also Iso fall in 

line with the tension test. Should additional physical properties be spe specified, 
they will require separate tests which may be n ‘more time consuming. — oe 
was fortunate that, in t 1 wrou; 


is largely y due to its dependability and pra “Most of the 
| latter is due to its high ductility. The high percentage of elongation of | 
structural ‘earbon steel is a result of its manufacture; it was not aimed for 
especially. Low-alloy and high- alloy” steels, as wales light-weight. metals, 
"however, te not show such high elongation as structural carbon steel. — This | 
has brought up up one one of the questions of the new problem: How v high an elongation 


Cons. Engr, New York,N.Y. 
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“MOISSEIFF 0} ON STRUCTURAL PR PROPERTIES 
does a a med require to meet the requirements of modern fabrication and 
erection of structures? | The author discusses at length the several factors which 7 
‘demand from the metal an elongation through | ductility that surpasses. the 
elastic elongation. There a are indications of a quantitative evaluation of tl these 
7 - factors in the paper. It is highly « desirable, however, to establish experi- 
& the percentage of elongation required in a given metal to meet, safely, 
_ the possible plastic deformations that may occur during fabrication, erection, 
To study the effect o' of higher and lower ductility of metals anc and the e effect of 
higher a and lower ratios of yield strength to ultimate strength and the effect 
of the moduli of elasticity on distribution of stress, a series of tests of riveted — 
and pin- connected joints was made. 8 Five metals—two steels and three 
aluminum alloys— having a fairly wide r Tange’ of ductilities and ratios of ‘yield 
strength to ultimate strength were included. _ All the joints tested behaved in 
a manner consistent with the basic assumptions of design and with the proper- 
ties of the materials. Furthermore, the tests showed that the plastic yielding 
necessary to effect a uniform distribution of load among the rivets ‘must be 
Telatively small and that differences in ratios of yield strength to ultimate 
strength, elongation values, and moduli of elasticity v were not significant factors 
as far as static ultimate strengths were concerned. negnest a 
In these tests it was shown that the plastic yielding necessary ‘to attain na 
uniform distribution of load in the riveted joints was ‘relatively. small. - Tests” 
on various structural parts in which stress-raising is expected may furnish 
information on the | percentage of ductility required for practical purposes. 7 — 
In discussing physical properties that a affect the behavior of structural 
a members, the writer thinks it is appropriate t to mention some e desirable physical 
"properties which ‘metallurgists 1 may strive for. 
One such property i is the physical durability of the metal, its resistance to 
corrosion. fh recent } years a fraction of 1% of ‘copper has been introduced | to 
the chemical constituents in structural steels as protection against r rust. There 
probably are other corrosion retarding agents: which could be utilized 


nomically. | The assurance ofa very low rusting quality would allow engineers 


Discussions 


~ 


a 
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— _ Another property of metals which is all important ii in the behavior of struc- 
4 tures is their modulus of elasticity. Ati is a amazing how the numerical value of 
modulus remains practically for a given metal. appears 
’» be e independent of the other physical properties and of the process of manu- 7 


facture. Thus, rolled structural steel and high- -strength s stainless steel will show 
practically t the same modulus as the cold-drawn bridge wire, which is nearly four 


q 


ene 
aso 


_ times as strong as structural s steel. 7. Various grades of aluminum and duralumin 
have the same aluminum modulus; and other metals also have a a specific value. 
This phenomenon i is so striking that it arouses the curiosity of engineers. — The 
satisfaction of this curiosity and raising the modulus of some metals would 
‘result i in tremendous advantages of structural and economical value. These 
facts call for research of the highest kind. _ Whether the modulus of elasticity, 


results : from the forms of the crystals. and their pattern i inthe metal and whether 
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7 these could be modified by controlled processes affecting their formation is a — 

problem o of interest. Structural engineers need not be told that 
successful re earch i in these problems ' will result i - substantial gains. _ 


of ‘steels is in paper a as 18 necessary in order to avoid 
gt failures due to: Fabrication and erection operations; stress concentra- 
excessive stresses ‘caused loads. 

Broek and Hardy Cross, Members, Am. Soc. C. E., and others also have > 
cussed the ‘capacity of ductile metals to undergo. relatively large deformations 


ce fl a hen stressed to the yield point, thereby modifying | the distribution of we 


and possibly increasing the safe load- -carrying capacity y of the structure. ro 

‘The ductility, to which these authors refer, is measured usually in connection 
with tension tests in which uniaxial stress is applied at room temperature and — 
- in small increments separated by definite time intervals or at a relatively slow | 


but uniform rate. Thus, the reported values do not reflect the possible effect, 
of temperature, rate of propagation of stress, or biaxial or triaxial stress | dis- 
tributions. Service failures of steel structures almost invariably : show none of 
the deformations which are characteristic of failures in the tension tests. _ This 
indicates that ductility has failed to to perform the functions suggested the 
author, at least in these specific cases. 
a Professor | Wilson refers to the structural steel covered by specification A7.?_ 
a Many - structural shapes : are rolled from steel meeting this specification. 7 Steel 
plates used for structural work often are selected to meet specifications A10 or 
: A70. Such steel plates, ordered from different manufacturers and meeting all - 
requirements of these specifications, may | consist of “rimmed ‘steel,’ ” “killed 
steel,” or “‘semi- killed steel. How ever, metallurgists state that | the resistance 
of these steels at low temp 
embrittlement following plastic deformation may be quite different. uel 
Steel plate structures frequently | consist of plates that have been bent or 
‘i dished into” curved shapes by rolling or forming. Thus such plates are sub- 
jected to more “cold working” than most of the structural shapes used in 
_ bridges and buildings although these members sometimes receive similar treat- 
In steel plate structures | the principal elements of structure 
subjected frequently to. biaxial stresses of ‘approximately. equal intensities 
| whereas tl the principal members of bridge and building structures normally resist _ 


uniaxial stresses, 
‘The writer would appreciate a statement from the author indicating whether | 
i considers safe the use of steel | plates meeting the requirements of specification a 
A70 in a code-designed structure: (1) For which the plates will be formed cold 


to a dished shape (age embrittlement following plastic deformation); (2) a on 
which biaxial stress conditions will exist throughout most of the structure 
(partial loss of effective ductility); (3) which will be subjected to > atmospheric 


Chf. Research Engr., Hammond Iron W: orks, Warren, P 


Received by the Secretary June 30, 1943. 


2 Specifications, American Society for Testing Materials, Designation AST M—A7. 
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PLUMMER ON STRUCTURAL PROPERTIES Discussions 


temperature variations in an area when for short periods the temperature will 


fall below OF (lower resistance to impact. forces); (4) of which the various 


plates will be a assembled by carefully controlled welding processes (stress 
centrations due to welding heat); and (5) which, during such a period of low 
temperature, might be subjected to an impact force while resisting the yc all 
design loads (speed-of-stress propagation). If the author does not consider 
the specifications adequate, in what way would he suggest that they be modified 


as to insure the of a steel would meet the require- 


‘metals to be used in such structures. Not many years ago the typical struc- 

tural steel designer was concerned. primarily with the use of one material, one 
_ method of fabrication, and the proper proportioning of members subjected to 


“ bending forces or to a direct thrust or pull, together with relatively simple 
“connections.” Now he may choose from a wide variety of alloy steels and 


7 tures, including parts such as “‘skin structures” whose strength depends upon 
x their elastic stability. He may connect the parts of his structure with rivets 
or by welding. ©  Itis only natural, but perhaps fatal, to try to 0 apply « old stand- 
ards, tried procedures, and tested ideas to new materials used in new types of 
structures. Professor Wilson serves all engineers in 1 outlining some of the 
_ problems and indicating a few about which additional information is needed. 
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DEWATERING, INCINERATION, AND ( USE OF 


SEWAGE | SLUDGE 


M. Jounsox, 10 Esa. 190__A wealth of information, covering the 
velopment and design | ofa system for dewatering and drying activated sewage 
sludge, is presented in this Symposium. — Fundamental principles are presented 

ina logical and understandable manner by Messrs. Dundas and McLaughlin. ._ 
paper leads the sanitary engineer through the hitherto foreign fields of 
combustion, in e easy stages. Therefore, it is a timely contribution to the 
development of a new art in sewage disposal—namely, drying for fertilizer 
purposes, or combined ‘drying and incineration. 
: Three developments s discussed by Messrs. Dundas and McLaughlin should 
be emphasized: Odor control, fertilizer production, and power generation. _ 
—The control of odors is s by high temperature deodorization, | 
- whieh consists of raising the temperature of all the gases and vapors in —— 
with the sludge during the drying g period to at least 1,300° F. There is 7 
“argument concerning | the necessity for high temperature deodorization in in loca-— 
| tions where odors would create a public nuisance. — This has been recognized 
= decades in garbage incineration. In 1 consequence, garbage incinerators 
~ must operate at deodorizing temperatures of 1,300° F and greater. Where 
control is required, high tempcrature deodorization is the most 
method. — . No costly chemicals and no special apparatus are required. ie 
temperature deodorization i is an part of the sludge- drying 


{ system has great flexibility because the dried d sludge can b be : incinerated whenever 
the fertilizer market is unfavorable. — # Before the sludge- drying x and incineration 


3 
c  Norg, —This Symposium was published in January, 1943, Proceedings. Discussion on this Symposium | 


has appeared in Proceedings, as follows: ‘nr. 1943, by A. L. Genter, M. Am. Soc. C. E.; and June, 
10 Commissioner of Streets ond Electricity, Chicago, IIL; formerly Engr. of Maintenance and Operation, 
n. Dist. of Chicago. 
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MENDELSOBN | ON USE OF SEWAGE SLUDGE 


bed This in content from 20% to 60%. Thus, 
after passing through a a highly developed and refined _ treatment | process, the 
- was still confronted with the problem of disposing of huge quantities of 


sludge-bed- cake. the application of flash drying and incineration, the 


end product became either a highly desirable and salable fertilizer or a tatile 
ash well suited for fill. Every sludge, no matter how low in nitrogen content, 
has some value as a fertilizer and soil conditioner. — Experience has shown that 
a ready market exists, and the sales value will materially help to compensate 
for 1 the e cost: of treatment. - On the other hand, it is necessary for the city to 
for the trucking | and disposal. of ash. Thus, : as a general rule, 
‘should made for fertilizer production i in to incineration. 


difficult to find sufficient pound tor al of this ash | over a 


cities. a matter of interest, Sertiliner is produced and 


in. communities of 5,000 population. 


Power Generation. —The operations at Chicago are unique in ‘that Power 
generation by steam is practiced. At is” quite customary for power to be 
= by gas en engines fired with digester gas. The size of the operations at 


Chicago make power generation by steam a most economical solution. — This” 
_ process may be applied to much smaller communities if public utility rates are 
“particularly unfavorable or if the location of the plant -makes public utility, 

power impractical. 


Isapor W. M. Am. Soc. C. E."*—This Symposium of five 


: _ selected papers affords an ontuaiig for deserved consideration of one of the 
“inajor problems of sewage disposal. Presentation in such grouping | makes for 
“4 4 clearer comparison ‘and more extensive analysis | of data evolved in plant o opera- 
tion at Buffalo (B), W ashington (W), Minneapolis- St. Paul (M), and ‘Chicago 
regarding sewage sludge dewatering, incineration, and final 
_Sympesiam al also pre esents certain limitations which merit attention i in rounding 


out discussion of sewage sludge disposal. 


neds large number of tests ; performed at the plants Pa ‘develop satis 


- factory and economical operation in ana of sludge. By non means do these" 


comparison ‘these ves researches a: and are re grouped a as follows. 


Sludge concentration tanks have proved their value by delivering 
sludge of reasonably uniform characteristics for filtration ‘and burning, ab- 


of in quantity: of raw provision | of of 
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6-day operating week i in dewatering and incineration, and Provision of gas as 
fuel for boilers and auxiliary heat for incinerators. why 
~ (M) Concentration of sludge by weighing a known quantity pumped from | 
ae sedimentation tanks at frequent intervals, by. soundings : and determinations 
of moisture » content of sludge in tanks, and by withdrawals of supernatant 
liquor has increased the total solids of the sludge from 8.11% in raw aie to 
9.35% in concentrated sludge. — 
— (C) Concentration of sludge has reduced the quan es 
_ moved by the filter and provided a filter feed of unifor 
factor in successful filter operation alia 
Ts (B) A mixing tank with no baffles and with proper mixing- -paddle speeds 
7 and a short detention period gave best results. . In the application of chemicals, 
equipment: has been n developed to provide easy manual control in preference to. 
~ automatic devices, such as s feeding ferric chloride solution through a a a perforated 
-tubber-pipe arrangement sO that the number of small streams of solution i isan 


in ‘indicator of the rate e of feed. 


the tanks has been removed illy to the vacuum n filters: with the by 
; connecting the tank inlet and outlet with a 12-in. pipe. >. To reduce sludge 
pump clogging and interference with continuous dewatering, the sludge pumps 
‘atin the digested, elutriated sludge from the elutriation tanks to the mixing 
tanks were provided with 3-in. instead of 2-in. impeller passages and a maximum 
speed of 1,140 rpm. 1. To overcome sag gging g of 5 pipe lines between supports, steel 
pipe with hard- rubber lining was substituted for hard rubber ferric chloride 
pipelines, 
Better results were obtained by i increasing the number of f points through 
_ which air is : admitted to the sludge for mixing and by decreasing pr pressure and | 
violence of mixing. 7 Improved mixing resulted from changing the path of the 
- sludge through the tanks with over and under baffles to a sinuous path both 
~ vertically and horizontally, and reducing thé detention period in conditioning 
tanks from 13 min in 1938 to 7 or 8 min at the close of 1941. Installation of 
_ riffle boards for both lime and ferric chloride instead of ad¢ ling chemicals to the 
~ tanks through one or two pipes provided | better dispersion of chemicals. — ‘Ferric 
- sulfate and lime and ferric chloride alone can be used satisf: actorily as substitutes 
vin emergencies, but t they a are not as | seeamnmaieal by an ied as ferric chloride 
7 
id “ound the most effective and most economical reagent available for arias 4 
activated sludge. other sludges, combinations of ferric chloride and lime 
4 and in some cases lime alone are efficacious; chlorinated copperas and ferric _ _ 
sulfate are probably less Special proportion devices for 
conditioning 
chemical have dosage. of fercie chloride, which has 
~ been found to be the most expensive item m of filtration cost in handling activated 
1 ‘sludge. ‘The amount of ferric chloride required may be related to the volatile 
_ content of the activated sludge; ferric chloride eaten for conditioning 
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_MENDELSOHN ON USE OF SEWAGE SLUDGE Discussions 
activated sludge of ‘The Sanitary District of Chicago vary vary between 4% 4% and 

aad 
7% by 1 Ww weight of dry cake s solids, and resultant cake moistures vary — een 


18% 
Operation of Vacuum Filters— 


- —(B) Canton flannel filter cloth has proved most satisfactory in operation, 
’ ‘cost, and life of cloth; and ordinary sash cord has proved a satisfactory substi- 
tute for bronze strips in the application of the cloth to the filter drum. _ Experi- 


ments are in progress with a ‘screw feeding device and a surge | bin above the 7 


7 oe screw, to receive the sludge ake from the filter and discharge it uniformly. to 
the first conveyer belt. Formation of lime scale on the wire screen on the 

‘surface of the filter drum was removed successfully. with the application of 


muriatic acid in the filter tub; this acid also has been used successfully in_ 

‘reducing scale accumulations in filtrate lines and in the supernatant line | re- 

ceiving the discharge from the filtrate pumps. 

(W) Washing filter cloths i ina 1% solution of oxalic acid for a 24-hr ex- 

posure after certain period of use extended ‘their life 30%; application of a — 

100-ppm solution of copper sulfate every Saturday and Sunday by rotating the 


filter cloth in the solution in the filter pan to permit saturation overcame filter- 


cloth disintegration by fungus growt! ths in the regular filter shutdown from | 
a, (M) Eight-ounce Canton flannel filter cloth was found to be most ‘satisfac- Dp: 


tory at this plant. ;. The difficulty ¢ of obtaining 1g this cloth during w wartime necessi- 
tated, additional studies leading to o the possible u use of a new cloth type. . The 
economic life of filter cloths has been restricted to 350 hr; tests made on a plant 
2 cale to demonstrate the effect of cloth age on filter yields show that at 500 hr 


co 


tl ne yield of a filter is approximately 10% to 15% less than that of a new cloth, p te 
other conditions being constant, with 4-hr intervals between washings. An fj. 


appreciable i improvement is effected by proper w ashing, as noted by rearranging § cc 
_ the washer sprays to impinge along the filter drums almost at right anges to — hs 
7 the drums, instead of tangentially. it appears to be economical to give each ci 
cloth an bath after 350 hr of service (using 1to2 earboys of hydrochloric 
= in 600 gal of water), thereby reducing the binding and increasing the eco- du 
nomic cloth ‘life to approximately 500 or 600 hr. (This ¢ expedient provides a an he 
inexpensive means of removing calcium carbonate from the screens and splines Tl 

is the filters, which formerly became s 0 incrusted with ‘matter as to interfere su 
Ww ith the free passage of water through the filter.) Especially is it economical — T: 
- chemicals to wash filters frequently, the periods between washings having 8] 


been reduced from 24 hr to 4 hr. _ Frequent filter w ashings led to the develop- 7 
ment of a method of washing filters while in serv ice by installing the wash-water 

pipe and nozzles (instead of its usual location on the far side of the filter from 

_ the take-off plate) immediately below the top edge of the take-off plate, sO 
7 _ that the . washing operation is done in the section of the drum between the take- 
off and the submergence in the sludge, which section is not utilized in the usual 
installation. _ A trough suspended immediately above ag sludge level returns 
the spent wash water to the overflow box on the filter. - Besides 1 maintaining a 
( clean filter medium, this washing procedure i in effect adds one filter. For each 


size e of installation and type of sludge, it is possible to determine the economic 
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range of speeds at which filters ordinarily should be operated. — ‘The filter rate 

has a marked effect on the | economics of filtration; instead of expressing a 

7 filter rate as pounds per square foot of installed filter capacity per hour, the — 
- ‘index of pounds per square foot is favored to include varying filter speeds. 
Uniform feed is desirable where incineration or drying is the practice, and for 
: this a spare e filter unit is desirable in addition to regular « ‘operating filters for use 
“during washing of regular filters. 
A long-nap- woolen. blanket is is most satisfactory and ‘economical for 
a filtering activated sludge conditioned with ferric chloride. The life of a blanket 
is approximately 33 months; the life of binding wire is about the same as the _ 
7 filter cloth. Use of woven wire for cloth backing has not proved satisfactory; 
wood backing may prove more satisfactory and economical than wire cloth. — 
Operation of Incinerators.— 

Mechanical developments at Buffalo indludé replacement of oil by gas 
exclusively as an auxiliary fuel, resulting in the disappearance of scale on 
preheaters caused by oil fuel, removal of soot blowers as unnecessary, and abra- 

sion on heater surfaces making ne necessary replacement of some parts. Abrasion — 
in ‘Pipe | lines and ducts has been solved by use of concrete wear backs at bends; - a 
lower speeds i in the flash-drier « cage 2 will have increased its life to about 5 months; 
adjustments i in the type of assembly h have resulted in easy replacement of worn 


4 parts and reuse of portions of these parts; moving the induced draft fan to the - _ 


e clean air side of the drying system cyclone has reduced the severe abrasion of - 
the fan. Concrete, brick, or ceramic material linings in place of steel linings” a 
r stationary parts subject to abrasion are under experimentation. 
~ (M) Sudden and large changes in sludge feed cause rapid changes in furnace ~ a 
_ temperatures with consequent long-time damage to refractory materials, Re- | 
"moval of the preheater is expected to reduce the operation and ‘maintenance q 
costs: of incineration by about $0. 33 per ton; fuel oil required for incineration a 
“ been reduced , only 1.5 gal now being necessary per ton of dry solids i in- 
“cinerated for heating t up, cooling down, and holding temperatures in rere” 


duet work so 80 that available heat i in operating furnaces could be ‘utilized for 
heating up, cooling down, or maintaining temperatures in any desired unit. 

_ There is a possibility of the utilization of incineration heat for generating 
Forde steam for all heating purposes and electric power requirements. 
- Tests are under progress on incineration of filter cake to which has been added 

a portion of liquid ones in the belief that, if the moisture content of sludge i is” 


could be dispensed economically, provided suitable incinerators are 


-(C) Extensive tests on n sludge drying and incineration have led te the use of eo 
flash- 1-drying ‘equipment wh hich satisfies the eight fundamental principles and 


for « efficient combustion or for use as a fertilizer-—maximum surface exposure, 
agitation of f the wet material, of gas, of 


—_ 


1€ 
of 
e | — 
tte 
he 
ym 
AC- 
‘he 
th, 
Ing 
ach 
ori¢ 
ines 
ere 
ical 
ving — 
_ 
— 
2, SO 
ake 
= 
isual scoOnomical and ellicient arying iree Irom nuisances to prepare sludge 
each | 
J 
— 
_ 


MENDELSOHN ON USE OF ‘SEWAGE SLUDGE 


tion of fertilizer qualities. dried sludge should have moisture content 
below 10% and be as free as ; possible from dust. The temperature o of sludge at 
_ time of loading in ears should be below 100° F to ) prevent t spontaneous ¢ combus- 
- tion when stored in large quantities over a period of time. This is accomplished — 
by screening, dedusting, and cooling i in w water-jacketed conveyers. I It is neces-_ 
sary to raise the temperature of all gases and water vapor produced in the heat- 
drying of sludge to not less than 1,300° F in the presence of sufficient oxygen to 
effect complete combustion of offensive hydrocarbon compounds. ‘Furnace 
spaces ‘connecting flues and ducts of the sludge _ burner should be designed 
-Sufficiently large to accommodate excess gases such as nitrogen and oxygen. 
‘Tests with a a commercially patented electrical precipitator indicate a removal of 
97% of suspended solids from furnace stack gases. . The presence of a large 
© = of visible water vapor in stack gases has not been objectionable in 
atmospheric pollution, if it i is discharged : at a height to dis- 
persion. 
for dryi ing and incinerating sludge in moderate size installations, such fuels i ‘in 
_—* of desirability, without reference to cost, are digester gas, natural “gas, 
and fuel oil, or combinations thereof, and in large installations, powdered coal 
3 very satisfactory and economical. At the Southwest W orks, almost three 
’ years of operating plant tests on combining sludge drying with steam generation 
have proved its feasibility in providing cheap power, , reducing furnace main- 
“tenance costs due to protection « of refractories by water walls, and furnishing ~ 
_ greater flexibility since furnace operation is not dependent on the drying load 
alone. More than half of the fuel is ; burned for steam generation s so that 
sudden changes i in drying load do not upset furnace 2 conditions as they would if 


the furnace were designed for drying only. W ith all these improvements in 
drying and incinerating sewage sludge on record, still more developments a - 


Operating Results — 


(B) For the first three years of plant operation, moisture in raw Ww 


codened from 96. 54% to 92.77 %: in digested sludge it increased from 87. 8% 

to 90.89%; and in sludge cake it increased from 61. 8% to 63.1%. Volatile 

“matter in raw ww sludge, digested sludge, and sludge from 57.6% 
62.9 9% from 41. 5 % p to 47 5%, and from | 38.8% to 42. 9%, 


_ pounds of dry solids per square { foot per ‘hour decreased from 7 cc 38 to 67 . 
Elutriated sludge contained 44. v olatile matter in 1 solids; 3.8 
umes of Potomac River water to one volume of digested sludge gave a total 

7 alkalinity reduction equivalent to 7. 5 volumes of wash water, which was due 

= countercurrent elutriation. Sludge cake contained 28.9% solids; filter rate 
averaged 5.9 Ib o! of dry solids per square foot per hour. _ a maa 
(M) Moisture raw sludge decreased from 92.85% to 91.89° %, im the 
_ thickened sludge f from 90.98% to 90.65% %, and averaged 65% in filter cake, 
Volatile matter in filter cake increased from 52. 1% % to 58.8%. Filter | rate w was 
reduced from 5.50 to 3.90 lb of dry solids per square foot per ho hour. | Filter 
rates of 5 to 10 lb per sq ft per hr were not found economical, | since reductions in 


filter rates w ere attended by reductions in chemical requirements. ¥ Conditions | 
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at Minneapolis-St. Paul indicated 2 Ib] per sq ft per —— as pe based on 
total annual charges, including fixed charges, the basic influencing factors 
being: type e of sludge, cost of chemicals, ete. 
Operating Costs— 
(B) The total cost of treatment excluding p pumping (sedimentation, sludge 


(W) ‘Sledes -elutriation, filtration, : and sludge disposal ec conte 

only, excluding sedimentation and sludge digestion, were $1.33 per milli ion 

"gallons, or | or $7.69 per ton of dry solids in the cake. saints = 

ao (M) The cost of filtration alone decreased from $4.92 to $2. 12 per dry ton 7 

and the cost of incineration decreased from $2.05 to $1.29 per dry ton. The © 

| = cost of collection, treatment, and sludge disposal decreased from $15.40 
to $8.25 per dry ton; and the cost of sludge disposal varied betw een 40% and — 

of the total cost. 

of Sewage Sludge a as s Fertilizer. 

—  (M) Tests are in progress on on the use of sludge cake as a soil conditioner, >on 

_ sludge being composted : for a month or more to. one it more friable and a 


better humus material for plant grow th. 
General. — Despite the numerous improvements in sewage sludge dewatering, 


on " incineration, and final use cited in the Symposium, it is of outstanding i impor- 
tance t to note t that each paper definitely indicates that still further developments 


ng 
ad The shows that the many improvements were the result of 
nat efforts of sanitary engineers, ‘mechanical engineers, chemists, and 
dif plant unit operators. It consists of papers on ‘operation of sewage § plants each 


;in § serving populations of more than 500,000. - According to the 16th Census of 7 a 
the United States in 1940 (29)," hese were ¢ only fourteen cities of 500 000 


population or more, The latest compre! ehensive tabulation of f sewage treatment 
. plants in the United States (30) gives a total of 5 ,580 plants, of which 97% or 

was 4 403 provide sludge digestion, and 3,522 or 63% have some form of sludge — 

dewatering and disposal. Citation of figures | indicates how much 

important and apropos 


been included on plants serving canine of 20,000 to 200, 000, which group 
would include a large pe percentage of the sewage treatment plants in the United | 
“States. For example, (M) data indicate that for sewage plants serving popula- ; 
tions of 50,000 to 200, 000 ‘sludge digestion and drying on sand beds should be 


considered in . comparison with dewatering by vacuum filters and incineration, 
- based on type of treatment by which the > sludge i is produced, quantity of sludge 


to be disposed of, dependability of operation, and related factors. ren - 


— The plant operation cost data presented in the Symposium leave much to 3 
be desired for better comparison | and analysis. Cost of sewage treavment 

* alone, exclusive of cost of sew age : collection, should be furnished, on a million ; 
gallon basis. and da dry ton sewage solids basis. In n addition, cost of filtration 


a 
should be given on a dry t ton sew age solids basis, as \ well as cost of incineration, — a 


a and other treatment unit operation costs as well, so that a definite dollars and 


ub Numerals in parentheses, thus: (29), refer to corresponding items in the Bibliography at the end 
of the Sy Mmposium, and at the end of of discussion i in this is issue. 
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een cents value is presented; also a percentage of the total mestnes cost edt be 
7 AS the (M) paper illustrates both in presentation of data and in . stressing 
‘the point, studies can be made profitably, at all sewage plants, of economics of 
“operation of preserit installation, “possibilities of effecting economies by enlarge- 
ment of present facilities at some future date, and economical rates for different 
‘ae of sludge for the benefit of designers of future plant | ; 
oe is well to note that year after year at least one sewage treatment plant : 
is presenting irrefutable data of the value of trained professional sewage treat- 
ment} plant supervisors and operating p per ersonnel. ‘The author of the (M) paper | 
——- satisfactory operating results to the relatively large number of 
engineers and chemists in supervising positions at his. plant, ne- 
_cessitated by greater complexity of sludge filtration and | incineration processes; 
to , maintenance a at high level at all times of interest and conscientiousness ¢ of 
— entire personnel— particularly filter and incinerator operators; by control of 
filtration by Buechner funnel tests; hourly calculations of chemical dosages; q 
shift competition; and utilization new ideas. The splendid data presented 


done as well as they could, and pow in the employment of a number of 


qualified professional engineers and chemists as supervisors and in the eusited 


sewage as a most important: ‘and promising phase of disposal 
of sewage sludge. Sufficient attention to this phase has not been given hereto- 
on an extensive cooperative basis. The progress made, especially since 
about 1928, indicates a successful solution with sound development. 


Population—Number of Inhabitants—16th Census of United States, U. 


(30) OA Summary of Census Data o on n Sewerage Ade in the United § States, 
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AMERI CAN SOCIETY OF CIVIL 


DISCUSSIONS 


DETERMINATION OF KUTTER’ S n FOR SEWERS 
PARTLY FILLED» 


BY C. E. RAMSER 


ta a 


EB. -RaMser,” M. Soc. C. E. 8__Since the paper appears to” lack 


i data on t the effect of depth of flow on the value o of n for tile pipes exceeding 12 
z in. ‘in diameter, the writer offers the results of experiments on the flow of water 
7 in a 30-in. concrete tile pipe line under actual | land drainage conditions in 
For slope and current meter measurements, two manholes of 30-in. concrete 


tile were constructed 1,000 ft apart, the | lower manhole being 234. 5 ft ft t above the 7 
outlet end of the tile line. Elevations of points -at the manholes were estab- 
= from which the elevation of the water surface could be determined by 
. vertical measurements . From these elevations the slope of the water surface 


was computed, and | current meter measurements were made with a rod- -type 


| |: utlet of the tile. The \¢ manholes, consisting of 30-in. . tile set up vertically, 


were built so as he dene practically, no interference with the uniform flow of 
a water in the tile. An 8-in. circular hole about i in the center of the manhole — 
was, cut at a joint in the top of the tile. 7 The ‘manhole tiles were cemented 


around the bottom and at the joints to prevent leakage when the pipe wa was 
flowing under pressure, 


The section of pipe where the ‘experiments ¥ were conducted was straight and 


1,000 ft i in length. 7 ‘The tile p pipe sections were laid with cemented butt joints 
along, and for some ome distance above, this — where a eened head | was 
Inspection at the two manholes indicated the of the abutting 
_ pipes at the joints varied from one half to three fourths of an inch. The tile tile 


was clean and free from any kind of growth. 


— 4 
__ Nors.—This paper by C. Frank Johnson, Assoc. M. Am. Soc. C. E., was published in February, 1913, 
| zoe Discussion on this paper has appeared i in Proceedings, as follows: ws: April, 1943, by Messrs. ye 
Thomas R. Camp, and Richard G. Coulter. 
as ee Hydrologic Div., SCS, U. 8. Dept. of Agriculture, Washington, D. C. 


Received by the Secretary May 10, 1943. 
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= Table 7 contains: the results of the experiments. 


discharge and slope of the hydraulic gradient were als for depths | of flow er) 


* from 0.67 ft to full with ratios of depth of flow to diameter of tile ranging from. 
= 0.27 to 1.00. The depth of flow \ was taken as the | average of the depth ae 
~TABL E 7 —EXPERIMENTS ON THE FLow oF WATER IN A 30- In. 


> 
ee D= Diameter of Tile; and A = Cross-sectional Area of Tiley 


No. depth of | fom of @ | hydraulic | Q velocity Slope coeffi- | coeffi- 


(ft) | ft) per sec) | per sec) Cc n 


4.91 1 00 6.10 0.00551 103.9 


0. 0133 


(6) Pressure at Lower MANHOLE 


1 


6. 0.625 29.96 2090 | 


= 


4.90 0.99 0.638 0.00257 | 115.8 |0.0122. 
490 0.99 638 (21. $3 0.00239 | 110.9 |0.0126 

87 4 0. 0. 0.666 20.16 14 0. 00210 | 110.7 | 0.0126 


2.26 0.90 0.93] 0.702 | 1711 | 0.001345 | 121.3 |0.01185 
403 | 0.82 0.753 | 13.44 0.001126} 115.0 |0.0126— 
064] 3.28 067] 0.713 | 9.74 0.001017] 110.3 | 0.0127 
052] 2.60 | 0.53 6. .640 6.56 2°52 0.000966 101.3 [0.0135 
0.48 2.35 |0.48| 0.610 (4.95 a 11 0.000966 | 86.9 |0.0154 
4 0.74 0.29] 1.22 |0.25] 0.420 1.63 1.34 0.000976} 66.1 | 0.0178 
0.67 | 0.27 0.22 | 0.388, (131 | 1.24 0.000966] 60.1 | 0.0186 


upper and lower manholes. The area of flow used in the computations was 


= as the : average ge of the areas at the upper and lower Eavagyope rhich ex- 


to ‘average area of flow. hydraulic radius was taken as 


average of the hydraulic radii at the two manholes. va ee a 


_ Measurement No. 1, Table 7(a), was made when the pipe was flowing under — 
- pressure for the entire length of the ‘slope course, and measurements in Table 
5 7(b) were made when the pipe was flowing under pressure at the upper end of 
the slope « course as determined from observations at the manholes at both ends | 


of the: course. Measurements i in Table 7 7(c) W were made when the tile was flow- 
ing partly full under no pressure, the average e depth o of flow r: ranging from 0.67 ft 
to 2.26 ft, and the ratio of D ranging from 0.27 to 0.90. Attention is called 
4 
to the rather consistent decrease in value of min | Kutter’s formula for an in 


“crease in depth of flow. _ The values obtained for the two smallest depths of nae . 

are slightly higher than the values given by the author for the somewhat 

smaller ne of flow for the 24-in. brick circular sewer D. a - | 


Discussions 
; 
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CIVIL ENGINEERS 


PLICATION | OF _SOIL_ MECHANICS 


IN DESIGNING BUILDING 


Discussion 


By MEssrs. KRYNINE, O. G. JULIAN, A. EREMIN, 
D. M. BUuRMISTER, ABRAHAM LAZARUS: WHITE, 
GEORGE L. FREEMAN, AND TRENT R. DAMES, | 
‘FREDERICK J. CONVERSE, ‘STERLING S. GREEN, 


PAUL BAUMANN 


= 


M. Am. Soc. C. E. ¢—Soil mechanics data concerning 

| in the first part. of this interesting paper. 

‘These data refer to pressures and settlements and also to t the methods of 

testing. ' It is regrettable that, in the second | part of the | paper, which deals 

exclusively with foundations on clay, this” valuable information on sands did 

find any application. The discussion hereafter follows the order of 
‘Presentation of the in the paper. 


‘ee of Internal Friction of Sand, —The shear strength 


Stress-Deformation ‘Clisracteristics of Soils”), is “followed in 
paper by the sentence: “The coefficient expressing this proportionality i is is called 
Fi the. angle of internal friction. » Expressing this i in symbols: . 


The | angle of internal I friction” is thus expressed i in terms of pure numbers. 


Eq. 5 needs clarification, 


Concentration | Factor. -—The a authors are to be commended for stating very 
7 clearly that the principle of superposition is valid only if Hooke’s law holds. 
The so-called “concentration factor” (or “concentration index’’), as expressed — 


G ie Nore.—This paper by A. Casagrande, Assoc. M. Am. Soc. C. E., and R. E. Fadum, Jun. Am. Soe. C. 
+ Was published in November, 1942, Proceedings. Discussion on this paper on appeared in Proceedings, 
_ as follows: March, 1943, by Messrs. Jacob Feld, and Leonard Zeevaert; and June, 19 1943, 3, by. Messrs. Gregory : 
P. Tschebotarioff, Guthlac Wilson, W. H. McAlpine, and Karl Terzaghi. 


Research ts in 1 Soil — of Eng., Univ., Ne ew Haven, Conn. 
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1066 KRYNINE ON.  BUILDI G “FOUNDATIONS 54 Discussions 
i“ Eq. Ib,n may be applied if the loaded area is very small, as in the highway sub- 


grade. | The writer admits that the integration « of Eq. 1b over large finite areas 
is erroneous. A for the concentration factor i the 


Varved Clays.—Fig. 6 represents a cross section of typical varved clay. It 


should be added that there are varieties of varved clays in which not two, but 
three, different materials are combined to form a clay mass. — Geologists have _ 
studied the origin of varved clays, particularly in New England. Engineering 


_ properties of varved clays in New England have been investigated by the | 


U.S. Army Engineers in wee Boston (Mass.) District. and “J the Connecticut 


Settlement —Iiti is regrettable that Fig. 9 is not 
- a the authors. To the writer’s knowledge, time-settlement diagrams, involving 
the fitting of the curves according to Professor Casagrande’ s method, have not 
been treated sufficiently well j in engineering literature, and further clarification 

of Fig. 9 w ould be important. On the other hand, Figs. 8, 10, ‘and 11 have been 
_ Example of a Settlement Analysis Based on Simple Soil Tests. — ‘simple 

_ method of determining the expected settlement without performing a a pata a 

— tion test on a given sample» is presented in the paper, providing only that | 

results of tests on other clays a are available. Iti is obvious, however, that, in 


addition to the tests enumerated in the paper, thé of grains 


Caissons.—To the | knowledge of the writer, there has 8 been nc no case of failure 


of. deep-caisson foundations by shear (except, perhaps, during construction). 
Friction of a deep caisson against the | earth mass considerably decreases the 
_ pressure on the base and increases the factor of safety. Uniform distribution 
of pressure at the base of a caisson as in Fig. 3(c) is rather a theoretical proba- 
- _ bility. In reality, because the camera is filled with concrete at the end of the 
wah P probably there is a slight overloading at the edges of a caisson. An 
- analogous situation } is created when tunneling by the liner-plate method. kh 
case, there is an overloading under legs of the frame. relief of 


Differential Settlement —A thick aay layer decreases i in 
thickness i in proportion to the vertical ‘pressure: at a given point. The vertical 

"pressure in the case of a nonrigid rectangular foundation is at a maximum at the 
= of that rectangle. Hence, the maximum settlement is to be expected a at 
the middle of a rectangular. nonrigid building, especially if the central part of 
that building is overloaded as in Figs. 16 and 17. There is no way to avoid the 
settlement completely; but it is possible to decrease its absolute value by 


Gq 38 “Foundation Stresses in an Elastic Solid with a Rigid Underlying Boundary,” by A. E. Cummings. 
Civil Engineering, November, 1941, p.665. 
ae _ % “Conditions of Formation of the Varved Glacial Clay,” by E. Antevs, Bulletin, Geological Soc. of 


— Vol. 36, 19% 25, PP. 171-172 (abstract) ; and other works of the same author and other geologists. | > 
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from one e part of the building to another and thus to decrease the ‘Giflerential 
< settlement. The quotation from Professor Casagrande’s previous work?® * (under 
Ee: heading, “Settlements of Buildings in Boston’’) will stand repeating. Itis 


very true and should be kept in mind by the designers of foundations on clay 
deposits. In this connection, ‘it is valuable to recall a statement, credited to 
~ Glennon Gilboy, M. Am. Soe. C. E., that driving piles. into stiff clay i is s analogous 
=~ driving nails into a mirror r to reinforce en 


are ¢ elliptical; ‘and the further a contour line i is from the share of disturbance 
(overloaded central part), , the less it is ; elongated and the more it approaches the 
shape of a circle. This” is ‘in n accordance with h Saint Venant’s principle 
applied i in a horizontal plane. rere 
The Liberty Mutual Insurance Company Building in Boston.—This building 
has a nonrigid foundation since the load is applied to the clay stratum by 
numerous caisson bells supporting piers, mats, and columns. Each bell is 


an load. For s some reasop Ww vhere the n maximum 


Stuart Street. "This may be due: (a) To overloading or toa change either in. 
‘properties or in thickness, or both, of the underlying clay layer. ‘It is very 
le regrettable that in Fig. 17 observed contour lines only are shown, and no 
i 
information with respect to the forecast settlement is given. This circumstance 
— it impossible to judge how close the anticipated values of settlement 


were to the actual ones and to examine the causes of discrepancy, ifany. | 
The New ew England | Mutual Life Insurance Company Building.— —This building 

: differs from the Liberty Mutual Insurance Company i in its weight: and in the 
-tigidity of the foundation, which, together | with the structure itself, represents _ 
a rigid box. The building i in question furnishes an excellent opportunity to 


show what a designer and builder of foundations must know about soil 
mechanics and how this knowledge ‘should be used. 


‘obtained i in borings \ were tested in a (mostly for ‘eousolidation); ond 
= (0) On the basis of this information a soil | profile w was prepared : and analyze d. a 
it was found that only two kinds « of foundations | are to. be considered—a 7 
’ foundation or long piles reaching to hardpan. Fo or ‘economical: 
re 


asons the former was preferred. 


hs In general, a a designer does not need to master the technique of borings and 


; that. of laboratory tests; but he must be able: (a) To order borings to be made 
_ at proper places and to see that they are taken properly; and (b) to see that the 
laboratory makes the proper tests ‘and makes these tests properly. ‘True 
_ know! ledge of soil mechanics is needed in analyzing the soil profile. However, 

Mere acquaintance with soil mechanics theories, not combined with extensive 
pong and especially w with what is called “sound judgment,” is dead know l- : 
edge. In analyzing the soil profile, the designer must be prepared to answer 


Ban “The Structure of Clay and Its Importance in Foundation Engineering,” by A. Casagrande, jewel, 


Boston Soc. oc. of Civ. Engrs., April, 1032200 
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What = happen to my structure if I build it it this v way?” — 


Discussions 


the spiral are not helpful. ‘Similar details are in 
4 ‘soil mechanics for the first time, but, in applying this study to the design of 
structures, a thorough of fundamental principles’ is required; 
and: this” can be seen very clearly from the examples of the second part of 

A convincing proof o of the necessity of combining theories with ¢ considerable _ 
practice is the ingenious detail proposed by Mr. Homer, as s shown in Fig. 19(b). 
TI his detail | simply could not have been worked out by a theorist without 


considerable building gpractite. roy 


- If soil mechanics were an exact science (which it is not), no measurement of 
settlements during and after construction would be necessary. In fact puted 


ok would be exactly the same as the settlements exactly computed 
on the basis of exact soil and load information. — In reality, settlements are 
carefully w watched and measured at any project of importance. This is done to 
check computations made and theories underlying them and also i in order to 7 


be able to take | urgent ‘measures ; during construction in the case of some ab- 

normality. Particularly the authors are to be commended for the instructive 
nature of Fig. 22 which, to the know ledge of the w Ww vriter, is the first in the litera- 
ture to show both the eleatic rebound due to the removal of an old building and - 


the subsequent downward travel of the structure to reach, in the final 7 


‘the original ground surface, 


In conclusion, the writer wishes to congratulate the authors for bringing | to 
the attention of the profession the interesting and important results of their 


0. G. Jouran,“ M. Au. ‘Soc. Cc. E. 400__ A cogent and synoptic thesis on a 
- subject which ‘meee at long last to be em emerging into the realm of rationality | 
has been presented he authors. The differences betwe een soils and w hat are 
commonly known as ‘ ‘structural materials” are stated. Howe ever, since ulti-_ 
mately all structures are supported ‘on soils” (or rock), ‘there appears ti to be no. 
good reason for not considering the latter as structural materials. ‘Also, it 

_ would appear evident that architects” and structural engineers who are wl 
~ sponsible for the safe and efficient design of buildings should be as well informed — 
3 regarding the properties of soils as they are regarding other materials such as 
sted conerete, brick, wood, ete., on the stability of their structures 
a emphasized by by the authors ( (see heading, “Introduction: Differences | 
~ Between Soils and Structural Materials’’), the - statement that a a given soil is 
“safe for” a certain unit load means very little. ; In addition to the maximum | 
principal stresses, at least the orthogonal stresses and the relationship between 


stress, content, and time must be considered intelligently; 


Chf. Structural Engr., Jackson & Moreland, Boston, Mass. 
@a Received by the Secretary June 16, 1943. aa 
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‘integral whole. 7 In fact, these componente ordinarily form a continuous 
| system which is statically indeterminate to a high degree—the intelligent design _ 
of such a system requires: know ledge of the properties of the soil and other > 
‘materials, judgment, and experience to a greater degree than the ability, to 
then is interesting to note from 2 the from positive to negative. ye 


wae 


point the of for “dense sand” is nearly up 
where the major principal stress is twice the minor, and that dense sand in- 
creases in volume with increase in the major principal stress when the latter 
is three o or more times minor. latter effect i isd to the ‘that i 


“shearing strength” of a given to be dependent 
a e entirely upon the ratio of the principal stresses—that is, on the degree of con- 
re finement. A loose liquid sand mass if confined may make excellent foundatio 


on 
A- oo however, emphasis should be placed on the importance of confining 
the entire mass. As stated by the authors (see heading, “ ‘Soil Properties 
Responsible for Settlements: Stress-Deformation Characteristics of Cohesion- 
; less Soils,’ ” conclusion (m)), s serious settlements ma may result from. lowering the 
ground- water table. Quantitative 5 values pertaining to the curves given in 
Fig. 2 and definitions of “dense” and | “loose” ” would be most instructive and _ 
7 eo is hoped the authors will publish these data in their closing 
ty _ With the exceptions of conclusions (d), (g), and (7), the thirteen conclusions _ 
pertaining to noncohesive soils (see heading, ‘ ‘Soil Properties Responsible for 


Bettlements: Stress-Deformation Characteristics of Cohesionless Soils’’) ay appear 


intuitively evident, at at least qualitatively. 
it Conclusion (d) is not evident; it would appear that at least in some cases 
sap 4 ‘the ultimate bearing capacity would increase as the first power rather than as 
we the square of the depth. It would be interesting to know whether this con- 
‘ clusion i is based on deductive reasoning or was arrived at empirically. 7 
Conelusion (g) raises the question as to whether or not the theory of 
—— elasticity is valid in any degree when considering the stress or deformation con- _ _ 
dition of a mass of cohesionless soil. — A persual | of recent literature on the — 


subject shows considerable divergence o of opinion and indicates that the equestion — 7 

at least debatable. Since the theory of “elasticity is based on continuity, 
Hooke’ 8 law, and its corollar ,, the principle of superposition, it would appear 
a priori that this theory cannot possibly be valid in the case under discussion. 

; On the other hand, it is conceivable that, if subjected to considerable pressure, 
a confined mass of cohesionless” particles ‘may acquire, to some degree, con- 

of action and elastic ‘properties so that f¢ formulas based on the — 


of superposition may be rough approximations and, in the absence of better 


~ methods, lead to conclusions that are of considerable value. 
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Ghent 


According to the theory of elasticity the deformation of an isotropic mass — 
of semi-infinite extent, subjected to a uniformly distributed load over part of. 
the free suntan, depeniie s on (1) the shape of the loaded area, (2) the area of the 
loaded area, (3) the intensity of pressure, (4) the elastic properties of the loaded - 
>: material, and ‘(5) the rigidity | of the structure by means of which the load is 


ce For either a round or a rectangularly loaded area, provided the mem 

- flexible so that the the intensity of loading is uniformly distributed, the average ‘ 

settlement, Way ‘Wavers may be obtained from Schleicher’s formula: > 4 

r 

in which vy = Poisson’s ratio; E= = Young’ s modulus; and m = the ‘ “shape j g 

factor.” _ The latter is a function of the ratio of length, a, to the beendth, b, of d 

the loaded area. The value of m may be determined from the following .. 

m = 0.37 + 0.61 O98 (7 

a/b is than less than 7,¢€= = base of 


= 0.98 — 0.027. 


noted that Eqs. 6, 7, and 8 confirm the authors’ conclusion (i) as s applicable to. 
"small areas. might be surmised from consideration of the ‘Tesistance- 


due ‘to thenting tigidity, the settlement decreases as the ratio of the perimeter 


I For a circle 5 - inay be taken as unity without substantial a, It; may be th 
A 


= 


—. the structure is absolutely 1 rigid and the or area is circular, Ret 6is F§ % 
applicable; but the value of the shape factor? becomes 0.89, making the settle : . 
4 ment approximately 6% less than the average settlement of a flexible structure a 7 
3 of the same shape : and weight. — From this it may be inferred that the rigidity , . Al 
of the structure has little influence on the average | settlement. 
Still assuming g that the theory of elasticity applies, and further that the - 
structure is absolutely. rigid and that the bearing area is round (radius a), the Brac 
an 

intensity of immediately beneath the structure may be found from 
ove 
‘According to Eq. 9, the intensity of of one 
= the average | ‘intensity. at the center to a maximum at the | perimeter; it | ‘aad 
_ 4“*Theory of Elasticity,’’ by 8S. Timoshenko, Engineering Societies Monograph, p. 338, Eq. 207; 
Ibid., compare Eqs. 207 and 209. 
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. approaches infinity as r approaches a. This latter intensity, of course, is not 
realized because the material yields and the pressure is redistributed. — By : 
Saint Venant’ s principle, this redistribution is accomplished without materially — 
affecting the distribution at points some distance from the perimeter. This i is 
well illustrated by Fig. 4(a). Itn may be noted that the distribution of pressure _ 
according to the theory of elasticity i is the reverse of that which is intuitively — 
evident for a footing on the surface of a sand mass and indicated by Figs. 3(a) 
and 3(b). However, comparison of these figures with Fig. 3(c) indicates that 
the slope of the distribution curve decreases at a rapid rate as (6 + h) y in- 
-ereases and is practically zero for the case where equals p. It appears 
‘ reasonable that further i increase of (b + h) would ¢ cause reversal of the e slope of : 
the distribution curve and that the intensities would approach | the values, 
given by Eq. 9 and represented graphically by Fig. 4(a), as tl the breadth 
depth increased indefinitely. Attempts various to. express 


pirical formula*® proposed by D. P. Krynine, M. Am. Soe. C. E., for the case 
of an absolutely rigid round disk : appears of special interest: _ , 


In eddition to the Frochlick- Griffith (Eq. he 


Ww a have same meaning as in the corresponding ela stic Eq. 9 
to which Eq, 10 reduces if @ is taken as3. If ais taken as 4, Eq. 10 states that a 
the intensity of pr pressure is uniformly distributed, as illustrated by Fig. 3(c). 


As a assumes higher integral values, 5 and 6, the distribution curve becomes — 


ES as in Fig. 3(b) and Fig. 3(a), res respectively. hen a = 8, the dis- 
tribution curve assumes a shape similar to that of a frequency curve. - In addi- 
tion to the aforementioned objections, it appears that the concentration factor, z 
a, itself should be a variable increasing with r and decreasing with a For 
pron in the case of a large foundation, the concentration factor for a given 7 
depth might be 3 near the center and about 8 as the perimeter is approached. 
Also, with r held constant, the concentration factor might be 8 near the surface 
“and approach 3 as the depth increases indefinitely. . This ‘difficulty, however, 
might be overcome by a statistical approach—a a soil mass of given properties 
; and depth and loaded with a . given intensity over a defined area being assigned 
an over-all constant concentration factor. _ Not only are careful | settlement 
‘observations on a multitude of full-sized structures with known underground 
; conditions required, but such observations should be supplemented by pressure-— 
. ‘intensity measurements at various depths and horizontal locations. Since the | 
distribution of pressure may change with time, these studies should be extended 


over a protracted period. F. E. Giesecke, M. Am. Soc. C. E., cites a case*® 


_ _ “The Pressure Under Substructures,” by J. H. Griffith, Engineering and Contracting, March, 1929, 


“Distribution of Stresses Under a a Foundation,” by A. E. Cummings, Transactions, Am. Soc. C. E., 
‘Vol. 101 (1936), p. 1072 et seq. 
lg _ &“Pressures Beneath a Spread Foundation,” by D. P. Krynine, ibid., Vol. 103 (1938), Pp. $27 et i 
4 “The Distribution of Soil Pressure Beneath a Footing,’ by F. E. Giesecke and others, Bulletin No. 43, 
Texas Eng. Experiment Station, 1933. : 


4 


a. 
| 
— 
— 
-? 
to 
ter 
— 
vis | — 
ure — 
the 
‘om 
4 
r; it 
— 
4 


JULIAN ON BUILDING FOUNDATIONS Discussions 


inw w hich, at the end of the construction period, values of o, under the corn 7 
and center of th the rigid part of a f footing bearing on clay were ea! each “approxi- 
mately equal to 2 ,000 lb per sq ft; but, after the expiration of seven months, 
the pressure at the corner had increased to 2,240 lb per sq ft and that at the 
center had decreased to 1,760 lb p per sq ft approximately. As ‘stated by the 
proponents," 47 until sufficient field observations regarding the pressure distribu- 
_ tion beneath foundations : are made available, formulas such as Eqs. 1b and 10 
4 hypothetical. Nevertheless, such formulas appear 
to be a step in the right direction and me give some idea of the distribution of 
pressure. Also, it would a appear possible to derive corrective parameters which 
might | t be : applied to elastic ‘settlement formulas such as Eq. 6. _ However, a as 
has been stated elsewhere by Professor Casagrande® i in | discussing clay masses, 
the problem is complicated by the introduction of layers of of various materials 
ip the underground. _ The introduction of ‘comparatively stiff diaphragms o1 or 
_ slabs, of course, will spread the load and materially reduce the settlement. — 
— _ Sharp distinction should be made between such materials as sands, which 
are scien and clays, which, on account of the “ molecular attraction” 
7 between the finely divided soil par ticles and the surface tension of the i included 
“moisture, are cohesive and therefore have intrinsic , shearing strength e even when 
‘not subjected pressure. . The clays possess definite elastic properties | for 
loads of short duration; and, ther efore, for such loads the distribution of il 
‘all settlements may be calculated approximately from elastic formulas. — How 
_ ever, since the major part of the settlement is due to the slow forcing out of the 
“entrapped moisture over a period of many years and, since this process is pro-- " 
portional to the stress to which the soil is subjected, there is a tendency for 
a distribution of stress beneath a foundation | bearing | on clay to approach 7 


uniformity as time > elapses. ‘Either: a rigid or a flexible structure supported on 


clay tends toward mmnite 4 downward. In the case of a a rigid structure, this 
roduce ‘stresses of considerable le magnitude which sho should be be considered 
P 


in the design « of the foundation a and superstructure. 


load, there may be additional settlement due to plastic and viscous flow.‘ 
If the working pressure is not excessive, the plastic flow will be negligible; the 
_ viscous flow may continue at a diminishing rate indefinitely. — Last, but by no 
means least, there will be settlement due to the entrapped water being forced 
out of the clay. This effect, due to the highly impermeable na nature of the 


“material, will continue at a a 1 diminishing rate for many years or even ‘centuries. 


7 difference i in n pressure caused by the removed overburden and the: imposed rg 
the initial void ratio, and the ultimate magnitude and the rate of the settlement 


have been described clearly and in detail by the authors. __ eae 
‘ The foundation design for the New England Mutual Life Insurance Building 
appears to be almost ideal. Since the design is based on the’ most certain 


-_ ‘Pressures Beneath a Spread Foundation,” by D.! P. P. Krynine, Tran Transactions, Am. Soc. C. E., Vol. 103 


al 48 [bid., Vol. 101 (1936), p. 1119 et 


49**Theory of Heat,’’ by James Clerk Maxwell, Longmans G: Green, London, 1899, p. 295. 


Transactions, . Am. Soc. C. E., Vol. 107 (1942), P. 316. 
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Design of Building Foundations: General,” ” paragraph (c)), is perfectly 


it be found advisable to introduce steel trusses i in foundation walls Such. 
- — foundations are comparable to boats inasmuch as they are, to some degree, — 
buoyant. The New England Mutual Life Insurance Building i is comparable 

to a boat floating on still water. 
an W ithout discussing the question of pile foundations in detail, i it may not 
. : : be out of place to mention that the action of a group of friction piles, or piles 
+ bearing ¢ on an intermediate | hard layer under which the the soil 1 may yield, is subject 
— to the principles stated in the p paper. The soil is subjected to a distributed 
ee load of varying and somewhat speculative intensity comparable to that which 
- would be introduced by a foundation mat . The bearing capacity of such a 
a group of piles cannot be evaluated rationally as the capacity of a single pile 
— times the number of piles. Also, since their driving disturbs the clay, a group 
ch of friction piles in clay may aggravate rather than minimize settlement. a 
-~ 7 _ The authors, in this paper, have made a definite ie contribution to foundation — 
structural engineering. It is s believed that the value of the p paper would be 
i enhanced 1 considerably if, in t their closing discussion, they would | include a 
tabulation of range in, and typical values for, vc void ratios, shearing strength, 
he | compressive strength on unconfined Young’s modulus, and Poisson’ 
ratio for clay and other soils. 
A. A, EREMIN,®*! Assoc. M. A. Soc. Cc. & this paper the authors 
no Ff have ‘opened an interesting discussion of soil mechanics as applied to founda-— 
ced tion design. It is true that correct application of soil mechanics ‘requires 
the ‘experience and judgment. Therefore, a discussion of cases encountered in 
practice is highly desirable. 
Two groups of f problems i in soil ‘mechanics are generally involved. The 
is the distribution of by the superimposed loading, 
ent the second is the computation of the resulting deformations in soil, or a 
ding te V arious stress distributions i in soils have been classified, , the most important 
tain “being those based on the Boussinesq formula cited in Eq. la. D. P. Krynine, a 
a <a Associate Bridge Engr., Bridge Dept., Div. of Highways, State Dept. of Public Works, Sacramento, 

& D.P.B Krynine, C. E., Vol. fol. 103 


= as to probable settlement un magnitude of stresses. a 


BUILDING FOUNDATIONS | 


"principle i in foundation engineering—that i: is, buoyancy—it should remove many 


The basic requirement, stated by Professor Casagrande in 1932 and quoted 
in the paper (see heading, ‘‘Examples of the Application of Soil- Mechanics to 


To it might be added: a7 


“Design the foundation and superstructure so that they together may tip 
ew but will not bend appreciably under the application of reasonable 


variations i in 1 the ‘intensity of of soil pressures.” 


These principles have been applied by. t the w riter to the design of structures for 
the su support and housing of units. sof machinery v Ww which : are sensitive to > differential 
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Mz. Am. Soc. C. E., has made a valuable contribution by simplifying the graph- — 
‘ical application of the Boussinesq_ formula, and F. Kégler and A. ‘Sheidig ° 
developed interesting simple methods of computing stresses in ‘soil, the 
final results of which are in close agreement with that obtained with the 
- - In computing | the critical failure stresses in soil, shown i in Figs. 13(a) and 
the authors have assumed that the. shear stresses are determined by the 
horizontal tangent to the circle of stresses. a A more exact expression of aged 
stresses in a homogeneous material is determined from the curved line, | . 
from the sloping tangent shown by S. Timoshenko.* 
several reasons, the computation of deformations and se settlement 
indefinite ‘results in ool mechanics. computed deformations can be 
verified only by ‘measuring the settlements of completed structures, which 
“measurements generally are not readily. obtainable. Furthermore, the settle- 
ment of a foundation varies not only with the physical properties of the soil, 
but also with the methods of constructing the foundation. For instance, it is — 
well known that the effect of uphcaval in a deep excavation may be reduced 
- by driving the cofferdam sheathing to a greater depth than that generally 


- required for the lateral stability of the cofferdam. — Likewise, the effect of 


upheaval may be reduced by digging the last layer immediately before building — 


Computation of settlement by plotting graphs of the ratio of voids in soil, 
7 - as shown in Fig. 12, may produce results that vary within a wide Tange. In 


3 the foundation; or it 1 may be reduced by by - pre-stressing the soil with a temporary 


applying this method, the authors did not take into consideration the facts. 
that the stresses in soil vary with a variation in depth of foundation, and also 


‘that at various horizontal planes nous a foundation the stresses are not uni- 


The authors’ conclusion that the settlement ofa a foundation can be reduced 


toa tolerable magnitude by removing a quantity y of soil w hich, ‘in we eight, is 
approximately equal to that of the superimposed structure should be | con- 

sidered true only in the case of a limited depth of foundation. —— _ 


Iti is true, as the authors state, that the settlement of building foundations 


z is greater i in the middle of the structure than that at the walls of the structure. 
- However, the reverse is quite possible. For illustration , Teference may be 
3 made to experience with the government building i in Cairo, Egypt, where the 
; foundations settled less in the middle than at the w walls. — The Cairo building 
was designed in 1930, careful consideration being given to the principle of sol 


AM 


DM. Burarsrer; 56 Assoc. M M. —The achievement 
possible in designing and constructing as well economical, 
building foundations by the proper application of the principles of soil me 


83 Die Bautechnik, 1929,p.268.0 
“Strength of Materials,’’ by 8. Timoshenko, D. Van New Y ork, N. ¥.. Vol. 1941, 7m 
5 Die Bautechnik, 1935, p. 93. 
Asst. Prof., Civ. Eng., Columbia Univ., New York, N. Y. 
Received by the Secretary July 26, 1943. 
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1948 ON BUILDING FOUNDATIONS 
sented 


chanics is demonstrated in this paper. ‘The practical value of reliable methods 
of reducing the total magnitude, and particularly differential settlement, is 
less interesting and important are the actual design features 


7 In such situations, where the methods deentibed are applicable, the uncer- 
1 -tainties involved in settlement investigations may become somewhat less. 
important, and the. designer can proceed with greater assurance of satisfactory 
.! ‘results on the basis of the available information on subsurface conditions, 
yr — such as usually can be obtained economically by present methods of soil 
| explorations. other situations, where these methods are not directly 
is applicable, the uncertainties involved in the settlement investigation may — 
‘become a major concern in ‘design. It was emphasized by the authors 
subsurface conditions cannot be in sufficient detail, even by the most. 
ime. elaborate | explorations, to serve as an entirely adequate basis for the selection, 


il, design, and installation of a satisfactory and economical type of foundation. — 
is F Consequently, as stated, the results of a settlement investigation should be 
expressed by a range of values, which include estimates of the possible inl 


uncertainty and e error in investigations: — 
(1) The possible variation in thickness of the compressible stratum between 
borings from an assumed stratification; 


(2) The natural state of in the clay deposit or 


(4) The foundation stresses in the clay vin a py; and 
‘The settlement characteristics of stratified soil deposits. 

| 

on the first tom items is obtained from subsurface explorations 

tis and laboratory soil tests. bo The sources of uncertainty are due primarily to the | 


necessity of selecting average values on the basis of limited information, and — 


to unknown variations in subsurface conditions between borings which must 
‘ons be assumed, guided by experience in the given area and by judgment. Fairly © a 
ure reasonable ‘values usually can be assigned without ‘difficulty to the 


y be "possible | limits of variation of these quantities. Their influence, expressed as _ 
» the _ arange of settlement values in terms of percentage variations from the : average, , 
ding pen be estimated by taking partial derivatives of the basic settlement equations 


soil with respect to each variable quantity. 
in Ms Ih addition to the notation of the paper, let: S = = settlement; H = thick- — 

| _ ness of clay layer; C. = compression index; C, = coefficient of consolidation; 7 _ 
ment ratio of material in its natural state; = overburden pressure; 


nical, = foundation stress in the clay stratum; U = consolidation, expressed as 7 ; 
me of the total; t= = time; T, = time factor to values 


— 


of U; and A= variation in pond 


For total ‘settlement: 
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al and, fc for time rate of settlement: aa 

Settlement (in percentages) = = SU. (12a) 
and 


_ The influence of variations of quantities on settlement i ‘ist treated as fo follows 8: 


(1) For percentage variations in thickness AH)— 


H 2 AH 
(2) F or percentage variations in overburden pressure (+ Pn; to possible 
in unit Ww weights or in ground-water elevs ations)— 


(pn + Ds) WG 


Settlement = + 


Pn + Ps 

(3) For per pereentage variations in consolidation properties | 


Co 

= 
Time, variation in the coc coefficient of consolidation 

= 
factors actually may combine to produce favorable or adverse 
combinations, and the | actual settlements may be decreased or increased yom 


accordingly with respect to the predicted values. _ Although statistical n methods 
do not help much in arriving at a reasonable probable combination, it is paver 
suggested that the square root of the sum of the ‘squares | of the percentage © 7 


variations expressed by Eqs. 11 to 15 will give a reasonable probable range of oi 
values, due to a combination of these factors, 1 which may amount to + 25 To ‘tie 


to + = 50%, depending on conditions. Variations in conditions at any point 
influence conditions at all neighboring points because the structure and the diffe 
‘supporting soil behave as a continuum. _ Experience has | indicated that oe 
average soil properties in ma many y stratified Pract do not va vary ‘as much as one 
‘might expect i _ horizontal | direction ‘stratum, “although 
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-may vary” in a vertical direction in a more or less consist tent fashion -withir 


. the given stratum, due to changing conditions during deposition. = = 
The sources of uncer tainty and error under items (4) and (5), which are - 
inherent in every settlement analysis, may be of much greater consequence, 


_ because they affect primarily the estimates of differential settlement and the 
rate of settlement in the early stages, which are needed for appraising the 


en as to what should and « can be — These v uncer ererw arise from 


difficult, and even n impossible at ‘present ‘to assign nu) numerical values to the 
_ The w riter is in agreement with the basic soil mechanics principles | under- 

- lying the design of foundations presented by the authors, but wishes to add a 
: few remar ks regarding some of them. — Under i item (4), the stratification of a 


wt in the ‘solution of . It is 


- deposit, the. degree of rigidity of the structure, and the depth of the foundation — 
below the surface of the ground have important influences on the intensity — 
and distribution of stresses in a compressible clay laye er. It must be realized — 
at best the Boussinesq stress equation, as stated by the authors in item 
(g) (see heading, ‘Introduction: Stress- Deformation Characteristics of Co- 
_hesionless Soils’’), can give only a rough approximation for the stress conditions © 
- and that the degree to which the law “of superposition of of stress and strain is 
valid in a sand stratum overlying clay is open to question. Nevertheless, 
both represent most important tools in settlement investigations; otherwise, a 


solution w vould be e impossible ._ Therefore an assumption of their validity must 


-tnguish een near surface phenomena i in 1 connection with small 


a layer, w Ww the may ether, ‘the e solution 
for a two- layer’ soil system were known. 

‘Under item. (8), the settlement characteristics of stratified soil deposits, 
M both as to total “Inagnitude and Tate of settlement, are affected markedly by 
: ‘conditions, because the structure and thes supporting soil behave asa a continuum. 
They will tend to adjust themselves in accordance with a kind of “principle of 
least work,”’ so that the weaker spots tend to relieve themselves of stress and = 
transfer to adjacent: stronger | areas with corresponding adjustments i in 
_ Settlement . The degree of rigidity i in the structure tends to reduce differential 
- settlement materially, because the foundations of the actual structure and the - 7 
- Supporting soi soil cannot ‘ “follow down” exactly in accordance with the t theoretical _ 
estimates based ‘on the assumption of individual foundation loads, \ which are 7 
free to move vertically without | restraint. _ The > question is: What is a satis-_ 
factory measure of the rigidity of a structure, how much reduction 


- differential settlement can be achieved economically? 

The authors stated in ‘item (k) that sand layers” an excellent 

edium for spreading load and for reducing differential settlements. The 


restraints and resistance to deformation of a a thick : sand sand stratum n overlying 
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a compressible clay | stratum also may reduce the total settlement v very ma- 
terially. , Iti is believed that the solution to th this problem is best approached 
empirically from the settlement rather than the stress ‘ “angle” by comparing 
actual ‘settlements with predicted settlements, , after ‘making proper tures have 


for the other | factors rs discussed herein. W hen a _number of structures 


4 an empirical coefficient or multiplying factor may be plotting 

the ratio of the actual to’ the predicted settlements against the ratio of the 

. width of the structure to the thickness of the reinforcing sand layer. The 
_ decrease in settlement with depth below the adjacent. ground surface, as stated | 
in item (j), may be approached in a similar manner. 


Ing to the foregoing factors. s, which tend to decrease settlement 


tion (see ] Biot’s ‘solution®”) in contrast to the simplified approach i in ee one- 

dimensional theory and the lateral subsurface displacements (lateral bulging © 

berg which always accompany and contribute to the total magnitude of | 
7 - settlement, may tend toi increase settlement somew rhat at the walls and anand 


In ¢ ender that « engineers in other localities may compare ‘their situations 


‘concerning the physical properties of the alte in the. ‘deposit. 


‘ee would be of immense value to the engineering profession if the authors 
7 would include what they have judged to be the possible variations and the 
“4 ‘a limits for the different factors involved in the s settlement investigations and 
=. _ what they | have learned from the actual settlement observations of the tw two 


structures as a full-scale check on their r assumptions as as 1 to foundation stresses 
settlement characteristics of the deposit. 


as In conclusion t the writer wishes to congratulate the authors on their ite 


contribution to applied soil mechanics. 


Wootr,5 Assoc. M. Am. Soc. C. E.58 —Together with the 
architects and owners, 1 ‘the authors should be complimented, not only for their 


excellent study and | report, but for their courage in the design and actual 


onstruction of a type of foundation radically different a the usual Boston 


the floating wee of deep foundation is the problem : as 
to the conditions in the City of Boston. _ However, the conclusion 


$7 “Consolidation Settlement Under a Rectangular Load Distribution,’”’ by M. . .. Biot, Journal of 


Physics, Vol. 12, No. 5, May, 1941, pp. 426-430. = 
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_ for the design of a floating type of foundation. — The experience of the au authors : 
a the prerequisite | to the design . This fact alone should ¢ call attention to 
how important it is for municipalities, | ‘universities, and engineers to keep : 
_ accurate records of the settlements of important structures and also to make © 
— “soil tests so that any design which departs: from the usual type 


- In underconsolidated clays, such as exist in ‘some parts of Detroit, Mich., 
is a possibility that the installation of a floating type of ivendetion sight 
cause settlements beyond those expected. _ The character of clays, precon- : 

Tien under loads less than the « overburden, presents a problem of sensitive — 


nature, and the floating type of foundation needs careful study if adapted to _ 
such clays. The installation of a deep basement, no doubt, reduces the load | 

on the s substrata below and at the same time provides sufficient depth to allow _ 
for the design of a rigid foundation; but the installation disturbs t] the firm upper 
strata and also provides’ additional drainage immediately below the concrete 


foundation. The improved drainage i increases the rate and amount of con- 


© | solidation by relieving the excess hydrostatic ¢ pressure i in the underconsolidated , 
clay. The result, of course, would be increased settlements. However, in 


normal clays, w hich ave are under heavier loads. than the existing 


overburden, no such excess hydrostatic pressures exist, as in the undercon- 
ee é clays, and, ‘even though the deep basement does provide a better 
- drainage under the foundation, there can be no evidence of. any additional — 
~ excessive settlements because the stress condition i in the substrata i is in balance’ 
| z due to the fact that the excavated loads are approximately equal to the building 


loads, 

“Differential settlements are best controlled by designing the foundation 

and the superstructure as an integral unit, , with special attention to stiffness. — 

Where this is not acceptable, design for stiffness must be confined to the 

foundation, which i increases | the cost and decreases its effectiveness.” 


This: statement becomes of interest to the designing structural engineer eer because 
iti is his design which controls the internal differential settlements. The writer 
wishes to classify the differential settlements into two types—the external and 


internal. External differential settlements are measured at relative points on 


Des the periphery of the building, the internal are measured at points within the 7 
208 structure. The purpose of the ‘differential settlement into two 
2 at _ types is to help analyze the condition of equilibrium of the foundation, itself, 

vere asastructure. The variation in stiffness of a rigid substructure has no 

the “effect on the external differential settlements; but it definitely controls the a 
sive § internal ‘condition. Fig. | 23 shows a maximum external differential settlement 
ton. “of 1.16 in. between ‘the two long sides of the building on Boylston Street ie : 

Street, whereas the maximum n internal differential on the 
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nae p ‘at the Boylston Street subway acts to reduce the settlement rate on the = tae 
> oylston Street side, thereby increasing the differential on the two long sides. a oe 
The almost balanced condition of the two shorter sides indicates equilibrium. 
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; "The internal differential settlements and resulting | distortions are a measure 
of the shears and moments of component parts of the rigid foundation. In 
‘Fig. 23 three of the cross-w alls show tension on the top, and the fourth shows 
‘I tension on the bottom. 7 The writer has spot- -checked the wall showing tension 
on the bottom and found that the. “moment developed i is approximately 


635,000,000 in-lb based on a differential deflection of 0.2 in., , requiring : about 
60 sq in. of reinfor reing steel at 24,000 lb per sq in. in the bottom of the wall. 
Since the actual amount of steel installed was not known, it was felt that it 
would be an interesting check on the original design. 


_ oe _At present, there appears to be no definite answ er to the question, “How 
os stiff to make the foundations.’”®* A rational approach to the problem would 
be to design the integral members - the foundation so that structural stability . 


‘is: insured and then to determine what elastic distortions these members will” 
develop | under this stability. . These distortions can be checked with the soils 
engineer, and, of course, it would be his responsibility to advise w hether’ the 
structure is too stiff or | too flexible or whether the original assumption of soil 
reaction distribution needs revision. Also he must decide what adjustment 
should be made to satisfy the elastic distortion i in the soils. The coordination | 


of the instantaneous elastic yield of steel and concrete with the time lag in the 


elastic yield i in clays i is perhaps ; somewhat beyond the p present- -~day developments. 7 


_ Attempts have been made to assume upper and low wer limits i in the s soil and then 


to interpolate. the results obtained by means of r reasoning at least to set the 
‘direction of the stress. The theory i1 inv olves the so-called K-values s (moduli 


_ of. subgrade reaction which are given in pounds per square inch per inch), 
a but these values do not introduce the time effect, which is quite important in 
7] ‘the analysis of both the structural stability of the foundations and the soil 


an investigation of recent, date regarding the structural stability of 


“building w hich had “undergone co considerable total and differential ‘settlements 
/™ still appeared to be sound and not under any serious condition of saussaie 


stresses in the structure, due to this distortion are at , or beyond, the yield 
point of the steel, the structure, itself, undergo elastic ‘relief and these 
— calculated _ Stresses will ‘not exist. The actual stresses: in the structure are 


; reduced, by this relief, to the yield- -point values or below; . otherwi ise, ‘the entire 
structure would be in a cata of complete collapse, as indicated by the high 


ay 


ee (2) In a concrete structure a similar condition prevails, but the relief i is 


Bcosapee by rupture of the concrete in tension, made evident by the appear- 
e of cracks at those points where the reinforcing steel i is omitted. The 


89 “Economics of Rigid Frames for Building Foundations,” by K. R. Kimball, Engineering News 
“Stresses in Concrete Runways of Airports,’’ by M. Westergaard, presented to Highway Research 
7 Board, Washington, D. C., December, 1939; published by Portland Cement Assn. eh 
— 81 “Theory of Limit Design,”’ by J. A. Van den Broek, Transactions, Am. Soc. C.E , Vol. 105 —_ 
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elastic range between the yield and rupture points for concrete in tension is so 


close that there i is no opportunity for relief to develop without rupture. 

‘These observations are mentioned ‘merely to indicate that, in the a of 
a a rigid concrete substructure, the possibility of a tension stress in the concrete 
should be ¢ eliminated and all concrete members subjected to such possible 
conditions of stress should be reinforced both top and bottom. — 7 The observa- 


tions also indicate that moderate s settlements are not too serious 8 when applied 


to an analysis « of the s stability of a structure. | 
_ Conclusion (m) does not impl that lowering the ground water decreases 
ply g 
bearing capacity of the loose sand. Rather, it refers to the disturbances 
7 a in the sand structure due to the low ering of the round water. _ The writer 
ing g 
| has made observations where the raising of the ground » water has decreased 


the» ultimate bearing capacity of dense sands. e T he observations indicate 


ratios for different kinds of sands of follows: 

Item nt Grade of sand Ratio 
Nonuniform, well graded 2.83 
ef a Uniform, medium grain size 
Uniform, fine grain 1.52 


In ig. 180), curve IV is established in its position relative to curves III _ 

and V without mentioning the fact that the total settlement of the particular | 
: point was known six years after the building was finished and the extrapolation 
2 was established for curve IV with those data. 1. In several settlement studies 
settlement readings w were not taken from the construction completion date to 
; the point where the differential distortions become troublesome; and it was — = 
' impossible | to establish the total settlement definitely, particularly w where there — 

have been no permanent bench marks and the site immediately surrounding 
the structure had undergone subsidence. — In this connection, it would be of 


value for any eae to establish at least one level of the ee, rperonggd 


4 -eurb, ‘manhole, or ‘any other flexible “point. 

‘point with r regard to curve IV 

el - In discussing Fig. 18(a), the authors remark that, 

are “It was specified that, if it were discovered, during the progress of 


tire ty _ construction, that the hard clay in some areas approached the sub-basement — 
‘oh slabs, it would be necessary to excavate to a sufficient depth and replace 
hard clay soft organic silt-clay” 


fi radical deviation from the usual construction practice makes this clause 
ear- fi “difficult to accept, particularly with respect to the method of backfilling a 


Fig. 19 shows. the anamenaiied footings of the outside walls of the New 
England Mutual Life Insurance Company Building. The final designindicates _ 


8 “An Experimental Investigation of the Relation Between the Bearing Capacity of Dry and Wet 
Sande,” by J. P. Luby and A. Woolf, thesis presented to Massachusetts Institute of Technology, nae 
in 1928, in partial fulfilment of the requirements for the degree of Bachelor of Science. ieee 
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WHITE ON BUILDING FOUNDATIONS Discussions 

procedure better suited to deep foundations which require minimum 


disturbance than to areas outside the building or structure. This type of 
wall footing is usually standard practice in underpass and opencut tunnel : 
design. The method of thickening the slab under the wall ‘without indicating 

structural continuity at the joint between the slab and the wall is not clear. 
It would be interesting to know the distribution of the soil reaction under this » 


type pe of footing i in order to establish design procedure for the structural stability | 
ofthe slaband wall 
Lazarus W HITE, M. Am. Soc. C. E. part of this paper is 
devoted to. theoretical. soil mechanics, particularly as applying to uncon- 
‘aiaed clays. Considerable valuable information regarding the nature of 


and actual records of settlements of of buildings the 


Boston district are given, 


The writer does not wish to discuss theoretical soil mechanics, although 
he regrets that the use of photoelastic methods as applied to soil mechanics is 
not mentioned. Also, he regrets that the plottings of of vertical 


pressures ‘prominent in soil mechanics of a years ago. fact, 
A by a circuitous route, the authors arrive at at a conclusion so simple that one F Ip 
wonders whether all the elaborate mathematics of present- day soil mechanics 
is necessary. All one needs to do, according to the authors, is to excavate from for 
6 
a the cellar and subcellar of the proposed buildings a weight of material equal to be 
- the weight of the proposed building. _ The structure | can then be erected on ‘Sp 
mats of reinforced concrete t to gain a foundation n free of undue settlements, , a 
: with additional cellar and basement space, all for the cost of a few thousand | ‘pel 
yards of additional _ excavation—surely a a small price to pay for the benefits i: 
'  _However, in justice to the authors, the writer wishes s t to call a attention to f peo 
their statement (see first paragraph of “Tatroduction”), 
_ “It cannot be emphasized too strongly that the correct application of ange 
s- - the results of such an investigation to the design of earthworks or founda- fF PT0 


tions will, in addition to a thorough knowledge of soil mechanics, always | 


require experience and judgment.” 
conforms an an old test of any engineering desi design 
__ The writer hesitates | to take issue with the well as to the theories of soil g : 
and confesses that he been unable to follow the “elaborate 
. mathematics of this paper. Nevertheless, there are some basic principles by F hyd 
_ which to test the conclusions; also, ), there is considerable experience as to what) i 


is good practice. The writer begs to differ with the conclusions of the paper, 
Conclusions (1), (2), and (6), 


63 Pres., Spencer, White & Prentis, Inc., New Y ork, N.Y. ii 
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There is i 


go to the hard points. to a ‘building with numerous columns 
| extending to cellar grade, the loads can best be picked up | by the foundations 


directly beneath the column bases. — The’ best foundation is based upon this | 
principle. _ For instance, in the first Chicago (Ill.) “skyscrapers,” mat founda- 


tions were used on the Chicago clay with unsatisfactory results; then the 
Chicago caissons were introduced, which carried the loads directly from the 


‘columns to hardpan or rock. © Later, various types of steel piling and caissons 
used successfully. Conclusions (1) and (2) would set the profession back 

a When an excavation is made, various disturbances take | place. 1e 


water level usually is lowered i in an irregular way, and, as the authors state, 
the interior bulges, which 1 may or may not be serious. The placing of sheeting 


around the exterior of the excavation creates disturbances. — _ 


_ Usually it takes severed before can be 


in an elaborate of concrete girders, risks are run. 
In the first place, uniformity of pressure is impossible. As amply demon-— 


strated by photoelastic experiments and the application of the Boussinesq_ 7 

formulas, differential pressures bring about differential settlements which may ‘ 
to be very damaging. This is covered quite fully in the Progress Report of the 7 
on ‘Special Committee on Earths and d Foundations. 
ts, Ls It happens that the Boston clay has been studied intensely over quite a long : 
wnd period, and its qualities are well ] known; it is geologically a a simple form: formation _ | 
fits F founded upon hardpan or impervious | rock. Calculations of settlements of F 
buildings | on Boston clay, computed by the of the Boussinesq equations 
| to and the consolidation test and methods devised by Professor Terzaghi, have 

_ agreed fairly well with observed settlements, but nevertheless in other and more — 
val complex areas the engineer should be on his guard; consolidation is a drainage 
problem ‘and the condition must be simple and capable ‘of analysis. However, 


_ there are wet areas with difficult conditions, such as that adjacent | to the Great 
Lakes where an oxidized yellow. clay y prevents upwa rard drainage and an under- 
lying limestone may keep the intermediate ‘soft blue glacial clay under an — 
artesian pressure built up to high values—in : some cases by natural gas. 
Deposits of clay” are often associated. with sand pockets under pressure. 
Such pockets may complicate the drainage of the clay so as to defy computation. 
Again, an underlying bed of porous limestone may keep the clay under such — 
_ At one location in the Hudson Valley a a heavy glacial clay deposit of varved 


clay is still very soft after a period dating back to ) the glacial age. This is Bre x 


n tof 


t 


because the wet blue c clay i is confined between two layers—an n upper, 0: oxidized, — 
_ very tight yellow clay, and a lower porous limestone under pressure from ground = 


Proceedings, Am. Soc. C. E., May, 1933, p. = 
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val _ Now if, instead of designing a foundation to carry the loads directly to a_ a 
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Ww ater ‘in a near-by moun mountain. In a vicinity of Detroit, Mich., a similar na 

dition. prevails—an upper crust of yellow clay i is underlain by a thick deposit 
of soft blue clay, also under pressure from a porous layer above the rock floor. . > 

For these. conditions, the writer knows of no formula which. could give the 

correct: rate of consolidation for the blue clay. _ In both cases, structures 


placed on 1 the upper yellow clay came to grief—in o one case, the blue clay bene: ath 
a heavy building squeezed into an adjacent excavation, an and in the « other case 
*s structure ona heavy mat, i in turn resting upon an oxidized layer, settled and ; 
upset because of plastic flow in the underlying soft blue clay. The subsoil i in 
any city is subject: to changes; it is usually being drained, with lowering of 
~ ground water, or a broken w ‘ater main m may preraogs a rise in the ground- water 
i « a the writer, it seems wise to design any ‘important. structure with its 
foundations extended to rock or some deep, sound stratum. There ar are sever: al 
methods available . The cost may be a little higher. than for a — footing 
mat foundation, but it may prove to be cheap i insurance. 
- The writer has every respect for the authors but does not dies that soil 
- -m mechanics has advanced far enough to furnish the basis for the design of mat 
fo oundations upon unconsolidated 1 strata such as wet clays o or silts. _ Engineers ; 
eannot predict confidently what settlements will occur. Such mat foundations 
are subject to many dangers—from neighboring structures, { from neighboring 
“excavations and ¢ pile-driving « operations, and from the shifting o of floor loads. 7 
Methods of installing foundations, particularly to great depths, have been 
0) o improved that in most instances the old-fashioned shallow foundations have 
been superseded. However, in some e districts there are thick strata of uncon- 


 solidated clays and silts, and the rigk of uncertain and irregular . settlements of 


shallow footings must be taken. Soil mechanics m: ay be invoked in such cases" 


Soil ‘mechanies alone is not sufficient for choosing a site or designing a a 
foundation. great aid the engineer, but not his master. For instance, 
a building may be “plumped” in n the middle of : an extinct pond i in which, at 
depths | affected by the structure , are layers” of unconsolidated peat. Such 
localities may be detected by the practiced eye of a trained geologist. ay a 
‘The shape of a building is a great consideration in the design of a foundation — 
—w hether it is of | of uniform height or of a tower design, and whether or not it 
contains courts and projecting v wings. s. Such « dangers may be revealed by a 
plotting o the iso-pressure lines computed from the Boussinesq formula. 


Am. S 
| L AM. Soc. E. “*—Foundation engineers will 
m a state 


tion ‘of the “ “Guished with records of the 
— accompanying and following tl the construction periods. 1 The description of the 
foundation of the New England Mutual Life Insurance Company Building is 

& interest, with its record of subgrade siti and —— soil movement. 
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and skill in the may be 1 nullified. 


-_It may be assumed that the two substructures created by the authors reflect | 
to full extent the benefits of thorough soil studies and their application in the 
designs. From” the performance records, it is evident that both structures 


have proved satisfactory i in service, and the designers are to be congratulated 


on their success. 


The ‘settlements: of the belled piers under the Mutual, ‘Insurance 


know steps were talon to prove the inkegrity ‘of the er 
= area. The value of the 10-ft, hard bearing stratum in distributing 

load concentrations to the underlying soft clay is evidenced by the regularity 

and symmetry of the settlement contours in Fig. 17. In both this design and 

that of the foundation of the New England Mutual Life Insurance Company. 

Building, the designers. have taken full advantage of the fortunate existence of 

the hard | crust 40 ft below the ground surface, without. which bo h designs’ 

would have been m materially didevent from those ‘shown. 

The writer prefers: the type of design us used for the foundations of the New 

England Mutual Life Insurance Company Building, as its wall arrangement, 
if strongly reinforced, can lend great stiffness to the substructure, assisting to 
- smooth out local deflections. Had there been | no  Saneeeaaas crust at the 40-ft 


a depth, a full mat design would have been inc valls modified _ 
to some extent to provide proper __ ees 
The provision for future increases in heights of certain sections of the New 

‘England | Mutual Life Insurance Company Building greatly complicated the a 
_ problem c of designing a a floating foundation . WwW ith soil excavated, as ; stated, in 
an amount to to equal the e weight: of the building, including its s future ex extensions, 
it would appear that a greater differential of settlement than shown might be 
expected between the present lightly and heavily loaded areas, unless some com- 
 pensating factors were introduced into the design. Footing widths shown in 
Fg 18(a) were apparently designed for ultimate building heights. WwW ould the 
_ authors please clarify this point, and indicate the locations of the building a 
sections of varying heights mentioned in the paper? 
The tabulation of vertical movements of the hard clay stratum shows s that 
= 5 was up 2.9 in. on October 12, , and that other points : continued to rise 
until October 30. It seems. from the record that the upward ‘movement must - 
_ have continued at all points until checked by the weight of the concrete, w vhich 
was placed in the vicinity of point 5 on October 27. Does not this mean that 7 
the | area around point: 5 might have ‘risen considerably more than the 2.9 in. 
- show n, before the rise was arrested by the weight of the concrete? ina 
i The amount and rapidity of the upw ard movement, prior to the placing of 
“the concrete, leave the writer with | a suspicion that a definite soil movement 
- occurred due to lateral plastic flow induced by the weight of the surrounding — 


unexcavated a areas, causing uplift. of the hard clay blanket. — thought is 


and the adaptation of the construction methods to job conditions. It is i 
obvious that close control of construction methods is essential on such work; 
i 
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FREEMAN ON BUILDING FOUNDATIONS > 
“supported by the fact (see discussion of Figs. 21 and 22) that “the street curbs" 
moved i in about 17 in. in. and down about in., ” with a certainty that the sub-— 
sidence did not stop at the curbs but for some distance over the 
adjoining street areas. Moreover, it is noted that the total weight a 
the soft clay at the underside of the hard clay blanket, , outside the sheeted area, 
due to about 50 ft of overburden, was about 5,000 lb ‘per sq ft, whereas — 
excavation within the sheeted area ea left a weight of only about 1 - Tb per sq f 
a tt would be of interest to know I how the e designers ¢ of the two Boston founda-_ 
is me 


= 
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Fra. 31. —SETTLEMENT OF THE FOUNDATION OF THE ALBANY (N. Y.) Main TELErHone al 


oF DecemBER 11, 1930 


live loads, plus the actual dead loads, in load-settlement As an 
5 4 example, in the design of the floating foundation for the Albany (N. Y.) Main 
Telephone Building,** ‘7 the total live load assumed in settlement studies 
amounted to but one third of the total of the designed live loads for the several 
stories; this was believed to “approximate | the actual live load contributing to 
a It is unfortunate that so few _ records are available, and that those 
_ available are SO incomplete. © _ ‘The settlement of the foundations of the Albany 
Main Telephone Building, to December 11, 1930, is shown in Fig. 31. At that 
_ time practically all the live and dead loads were on the foundations, the dead 


a ~ load having been in place for practically a year. The south half of the mat 


“Rigid Frame Foundation for Albany Telephone Building,” by G. W. Glick, Engineering 
News-Record, November 27, 1930, pp. 836-838. 


Precesdings, International Conference on Si Soil Mechanics and Foundation n Eng., , Vol. 1p. 278. 
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_ settled normally, and about as expected, with corners on a ahaa to 
dish downward at the center. _ The north half settled 1 much more, and errati- 
cally, due to a cofferdam bracing failure at the north end of the site when the 


excavation was near subgrade | level, ‘more: than 25 ft the surface. 


“Fig. 32 shows settlement as of February 9, 1997, for the ‘5-ft thick 
mat t supporting the main office building of the Ohio Bell Telephone Company in 
~ Cleveland, Ohio. | (The m numbers in circles are the settlements, in sixteenths of 

shed extenpelated from records to December 3, 1926, or January 6, 1927.) 
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Fig. OF THE FounpaTIon, BELL CoMPANY BuILpING, 


J oF Fepruary 9,1927 


‘This mat is nearly square, and is supported on a great depth of ‘ ‘stiff | gray ay clay.” 6 
- ‘The area had previously been loaded by a theater and a hospital. $ The bearing 

level is about 52 ft below the original ground surface, and the mat was designed — 

for varying ‘unit loads, the on the soil about 5,600 lb per ft 
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unde the 2 easterly and Ww vesterly si side pam, « and increasing to about 7, 400 Ib 
ft in the north and south center panels. (To these loads should be added 
the uniformly distributed weight of a 5-ft thick concrete mat. ) The average 
intensities of pr pressure ‘on the: soil, exclusive of the w eight of the mat, are shown 
in each panel in Fig. 32, and it will be noted that the settlements follow ed rather 
consistently the variation in oading, resulting in a barre -shape deflection. 
: stently the variation in loadin; Iti barrel-shaped deflecti 
The mat was completed in December , 1925, and all foundation work, including ~ 
three levels of basement space, by March, 1926. — - Practically all a the dead 
Ww weight wa was on the structure at the time of the settlements shown in Fig. 32. 
_ With Tespect to statements (a) to (m) (see heading, | “Stress- —— 
‘Characteristics of Cohesionless Soils’ ’), concerning foundations supported on 
_cohesionless soils, it would appear that the general principles outlined 


based largely c on theoretical considerations, , and may or may ‘not. , apply in 
- practice. Foundations of structures of any | magnitude or importance cannot 
be supported safely ; at the surface of a cohesionless soil, and are necessarily ; 
supported o n bearing levels below the ground surface. Under actual | condi-. 
tions, rule (a) w ould notapply, 00 
_ Sule (b) may or may not be applicable for deep caisson foundations. In the | . 
_ absence of data directly bearing on this point, the writer believes that uniform | 
- distribution of load over the bearing area is the only assumption that can — 
made. | fh the actual sinking of pneumatic and open- -dredged caissons to great 
depths, so many factors upset any calculation of bearing pressures that much 
uncertainty exists as to the actual pressure distribution in the ‘soil. ‘The 
“excav ation in the area of a caisson shaft results i in stress release over that area, 
_ and, to some extent, outside the excavated area. At the same time, the w eight 
7 of the caisson, which is supported partly by skin friction and partly by direct 
. 4 bearing under the cutting e edges, tends to set up high load intensities around 


the perimeter of the excavated 
Subsequent filling and loading of the caissons results in some adjustment of 
supporting values of skin friction, cutting ed edge > pressure, , and direct bearing o over 


the shaft area. In many cases, caissons 1s sunk in granular soils may derive e 


substantial support through si side- “wall friction, although such h support is. not 


writer questions the validity of ie. ‘(d)—that ultimate bearing 
capacity « of cohesionless soil i increases as the square of the depth of the loaded 


This rule seems to lead to fantastic results, if applied to very shallow 
_ foundations. . _ The writer prefers, from present knowledge, to consider that the 
bearing value varies approximately with the depth, rather than with 


Although tl the general st statements in (f) appear sound, the last 
aan in (f). may not be an infallible guide; certainly judgment and experience ad 
are required in its application. Settlements do follow the loading of cohesion-— | 
less and vary with the of and density of the sup- 
ily will vary 
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September, 943 DAMES ET BUILDING FOUNDATIONS 
occasionally be advisable to check settlements, especially w here high soil 
bearing: intensities are used in the foundation 
~ Rule (j) may: not apply for deep caisson foundations where settlements may 

be due more to effect of construction operations. than to soil characteristics. 
The writer’s experience would indicate that settlement of a deep caisson 
foundation ‘supported at a safe unit load on cohesionless soil is s practically 
independent o of the depth of the bearing level below the surface, and is largely 
dependent on soil disturbance and other factors connected with the construc- 
tion procedure. 


TEE OF THE Los. ANGELES Sucrion—Trent R. 
Dames, CHAIRMAN, FREDERICK J. Converse, STERLING 8. GREEN, 70 
Assoc. Au. Soc. E., anp BAUMANN,” M. Am. Soc. C. 
The Soil Mechanics Committee of the Los Angeles (Calif.) Section first read 
the authors’ ‘paper individually and, surprisingly enough, the ‘Teaction 0 of each 
individual was the same. - Each felt that the authors had gone too far in- 
publishing a series of brief generalizations regarding the behavior of sand and — 
clay as the publication of generalizations of this nature, unsupported in the 
7 text by the data on ae they were based and with “ exceptions and limita- 


q 


on the part of, the ‘accusation. of by, the construction 


under the | heading, “Soil Properties for Settlements,” mention is 

‘made e repeatedly of sand in the loose and dense s states without qualification « or 

_ definition. ~ Sand usually i is defined as consisting of more than 80% of particles — 

ranging from 1/20 mm to 2 mm in grain size and the behavior of cone of dif- 
ferent composition may be quite different. The | division line between loose. 


Bess a soil constant but varies with the moisture content and loading condition 
| and has been defined differently by different authorities. Another example of 


rather indefinite language is the reference to the ‘ “ultimate bearing capacity 
of a cohesionless soil. al It is not clear whether the onttune: intend the ultimate 

_ bearing capacity to be the greatest load | which i it is permissible to place on a 

spread foundation o or the load that will cause a footing to penetrate continuously 

through the soil in the manner | of a pile being driven. _ ‘There : are several 

instances in * hich the authors state that one quantity, varies in proportion — 

to another quantity. ~ In some of these cases it is not clear whether the authors 

- are > stating that the relationship i is s one of linear proportion or of some unstated 


® Associate Prof., Civ. Eng., California Inst. of Tech., — Calif. = 

70 Materials Engr., Bureau of Water Works and Supply, Los Angeles, Calif. v) 

Asst. Chf. Engr., Los Angeles County Flood Dist. Angeles, Calif. 


ed the Secretary A 2, 1943 
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‘DAMES ET AL ‘ON BUILDING FOUNDATIONS 


Apparently the authors intend the statement (0) (see heading, ‘ ‘Soil Prop- 
erties Responsible for Settlements: Stress-Deformation Characteristics of Co- 


“The ultimate bearing capacity of a cohesionless soil increases approxi- 
mately i in direct proportion to the a loaded area” 
-—to be the basis for | selecting design loads for different sizes of footings. This . 


2 rule is valid only for a foundation on the g ground surface. For footings founded 


"more the yield point capacity, y, which should be ‘used for 


at depth of the maximum concentration of stress. (d)— 

“The ultimate bearing capacity of a cohesionless soil increases approxi- | fa 
anne as the square of the depth of the loaded area beneath adjacent en 


. ‘is not: borne out by the observations of the writers of this discussion. Certain in 
r recent -river-deposited sands in the Los ‘Angeles ar area are capable of sup- 
porting, at their yield point bearing value, small spread foundations loaded — of 
to 5,000 Ib per sq ft ata ‘a depth c of 10 ft below the surface. e. Based on on the Y mi 
authors’ theory, the same deposits at a depth of 50 ft would support 125,000 Ib : to 
per sq ft, and at 100 ft, 500,000 lb per sq ft. On the contrary, it would be © - pre 
expected that the yield point bearing capacity would vary as a straight-line § he, 


Bo ned of the depth as the support offered a loaded area is a function of the cla 
resistance of the supporting material to shearing displacements by lateral or 
"plastic flow. Fora uniform soil condition such as the authors s evidently are - log: 
| 
the shearing strength i increases approximately i in direct proportion reg 
to the depth below the ground surface, and therefore it follows that the bearing ze ane 
value would increase approximately. as a straight-line function of the depth.” Ry 


In paragraph | (f) the statement is made that— 


dl oe for large areas on yn dense sand, or or for areas which are to be founded aut! 
at a considerable depth below ground surface on dense sand, even the alth 
heaviest loading which building codes permit is exceedingly conservative, con: 
so far as strength of the : soil is concerned, and | requires no verification by indi 
=- poi 


‘The w riters agree general, building codes have restricted allowable caps 
bearing loads on dense sand to too low values. However, some advanced = due 
codes, such as the new Los Angeles City Building Code, per mit deviation from | resic 
arbitrary allowable foundation pressures after the performance of special foun- 4 Li I 
ic investigations. _ The only requirement of the Los Angeles Code is that strer 
“Stresses and deformations within the foundation shall be determined by the [fF conf 
general principles of soil mechanics.” If building codes impose costly and inere 
unnecessary y restrictions on construction methods, the codes should be altered. load, 


* the: fact that Hooke’s law does n not apply to cohesionless soils 


the law of superposition” 


72 ‘Practical Shear Tests for Foundation Design,’ by Trent R. Dames, Civil Engineering, December, 
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g _—should be expanded to say “Hooke’ s law does not apply t to any ‘soil.’ od I a 

‘nential function of the load, similar to the behavior of metals under compressive © 

stresses »yond the srepertions! limit. 73 ‘However, the various equations for 

- stress distribution, although certainly not precise, are valuable as an indication 

of the relative behavior of different sizes and types of foundations. 

In paragraph it is stated that for buildings founded on cohesion 

borings s should be driven— — 


aah * toa a depth at least « equal to the width of the building eee” 


Here again confusion and uncertainty result, from the authors’ {failure to 
qualify» the ‘meaning of “building.” oll For example, a , typical airplane ma manu- : 
facturing building might be from 300 to 400 ft wide by 800 ft or more 3 


with of 150 ft or more between rows of columns. is un 


the ¢ consolidation of olay and ‘the deter 
. mination of the preconsolidation loads without restricting the statements made 
to specific clays, such as the glacial clays o of New England, or explaining ‘the 
‘practical: significance and use of the values obtained. The writers have not 
been able to apply the conclusions and rules cited to the residual and alluvial 
clays : and bay muds of the Pacific Southwest as the consolidation curves of the 
clays of this region practically never possess straight- line parts on semi- 
logarithmic graphs. The consolidation curves obtained for the clays of this 
--Tegion in general approximate straight lines on double-logarithmic graphs. 
connection with Fig. 13, discussing ‘Strength of Clay and Safety Against 
Rupture,” the authors state possibility of stressing a cohesionless 
"material t to the point of f rupture practically does not exist.” ” Apparently the 
4 authors are referring to a dense, cohesionless soil far below the ground. surface, 
although the limitations intended are not specified. 7 Experience in the design, 
: ‘construction, and behavior of a var ariety r of structures i in the Pacific ‘Southwest 
indicates that the possibility | of overstressing a cohesionless material to the © 
point of progressive failure is often the principal consideration. - Within the — 
capacity of the soil to resist lateral displacement by plastic flow, the deflection 
due to consolidation and compression of cohesionless soils on also dense - 
residual clays) is usually negligible. 
In presenting Fig. 14, the authors make the statement ‘that the : shear 
Strength of clay “* * * will be equal to a constant c aliiliae Sa regardless of the 
“confining surcharge | (normal pressure). — If the clay is not completely saturated, 
“increased granular | pressures will be effective immediately upon application of 
“load, and the shearing strength therefore will increase with the confinement and = 


= 
8 c+ntang... (16) 


73**Recent Work in the Field of High Pressures,’ by Bridgman, American Scientist, January, 
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DAMES ET AL ON BUILDING FOUNDATIONS Discussions 
in which s is the total shearing strength; c, the apparent cohesion; n, the con- [| , 
fining surcharge; and @¢, the apparent angle of internal friction a the soil. | - 
For clays of this region, while the apparent angle of internal friction, oI may | wy 
be as Ic low as 3° or 4°, it may also be as high as. 20°. — rs | th 
In further discussing Fig. 14(a), the statement is made that os 
pressure qo, which the footing must exert in order to produce failure * shes ‘is 7 
Zz to 4c.” | By the use. of another theory qi quoted, qo was, ; equal to 5.5 7 st 
and a again,!° 5. 14¢. Apparently, the authors are considering the conditions 


of final failure which is is reached at considerably higher loads than those at which 
initial yielding occurs. The load which would produce this final failure w ould 
certainly not be a desirable basis for determining an allowable design load. A 

better appreciation of the behavior of loaded soils m may be obtained through “t 
; study « of the stresses required to produce yielding and plastic flow.%75 The 

yield point o of a semi-infinite body loaded by ac circular area on its : ote is 
to times s the ‘shearing ayy ratios ball unit to 


In the last few paragraphs under “Soil Properties Responsible for Settle- 
‘ments, ” the authors recommend the performance of cylindrical compression 

: tests to determine the bearing capacity of clays. Iti is not clear w hether the 
authors are referring to the use of triaxial compression tests or compression 
oa 7 tests on unsupported soil cylinders. - The authors, of course, realize that tests 
a on unsupported soil cylinders are frequently impossible because of the char- 
acter of the material. _ The direct shear test may be used effectively. for all 
kinds of materials, without exception, and offers a means of determining 
bearing capacity with sufficient exactness for practical | purposes at a cost which 
is comparable to the free cylinder test and which is much less than that of the 
The statement in the very last paragraph under ‘‘Soil Properties Responsible 
for Settlements” that, in n the case of caisson foundations, “the hydrostatic 

- uplift of the soil may be added to the foregoing value of 5c and used as the 
ae capacity” "is very dangerous and subject to a long series of 
limitations most important of which is that the bearing capacity given by this 
tule is actually the capacity at ultimate failure and not a basis for allowable 
ties The value of the second part of the paper, “Examples s of the Application of 
Soil Mechanics to the ie Design of Building | F oundations,” would have been much 


pepe if the authors had included inform: mation o on ‘the physical characteristic: 


enable the reader to make with similar ‘soils, the 
= which had been studied and experienced. i The only suc such data, so far as ‘the 
7 writers are aware, is that shown in Fig. 15 (a), which appears to be reminiscent 
of the usual well-driller’s log except for the fact that it gives no record of g ground 


10 Uber die Eindringungsfestigkeit plastischer Baustoffe und die Festigkeit der semen by L 
Prandtl, Zeitschrift fir angewandte und Mechanik, February, 1927. 


of Elasticity, by S. Timoshenko, McGraw-Hill Book Co., New York, N.Y., 1934. 
**Plasticity,’’ by A. Na&dai, MeGraw-Hill Book Co., Ine., New York, N. Y., 1931. 
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water. Above sil, it ii is the clear and specific identification of the foundation 
il. | soils which the writers (and probably many other readers interested and some- 
what familiar with soil mechanics) hope to find in papers of this nature. Under 4 
‘the circumstances, , this part of the paper, although definitely intriguing, i is not 


as enlightening asitcould be, = 


In closing, the Ww that their discussion will | 


the gener ities, 
= _ Corrections for Transactions: In November, 1942, Proceedings, page 1509, ote 
Stuart Street end of Fig. 17, contour 1.00 to be —s and, on page 1517 = 
line 4, after. “Point 9” insert “(See Fig. e also corrections the 
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STRENGTH OF SLENDER BEAMS 


_ By Messrs. T. MCLEAN JASPER, AND C. M. -GoopricH 
McLean Jasper, Am. Soc. | C. E.“°—A mathematical | attempt to. 
solve a very important problem, and one pi is recognized as a necessary 
Addition to the problems dealing with buckling, is very welcome. As a supple- 
_ ment to the work by Professor W inter, the w riter w would cite the tests on light | 
by Jasper O. Draffin, M. Am. Soc. C.. , and Milo S. Ketchum, 
Assoc. Am. Soc. E,, in 1932 (15)* and | those by Harald M. “Wester 
-gaard, Am. Soe. C. in 1922 (16). The purpose of presenting the first 


of these references is to suggest some test results to w hich the author may 3 
connect his theories, and the second reference to the generalized problem of fF # 
buckling which the author has not mentioned should be a helpful extension to di 

‘the Bibliography, 
The writer is particularly intrigued by Fig. 2 and the of me- 
chanics t to this problem. . This paper offers a method of approach that can 1g. 
help the | designer to. simplify the application of the problem. The problem i is th 

‘ not a simple one. . The physical properties of the material used i influence the ” 
heavier beams greatly whereas. the EI -values of the shape and ‘material | Lr 

undoubtedly influence the lighter sections. 37 
other references (17) (18) (19), with their res respective discussions, present | 
very similar cases and may be useful to students of this problem in in supplying | ? in 

test data and analysis methods that may inspire further tests which apply more | to 


directly to safe designs for slender beams. 4 


CM. Am. Soc. C. 5¢__In the usual case of the loading i in 
Ki ig. 6, an eyebeam ideally straight would he prevented from twisting about its 
- longitudinal axis. In one with a slight turn, twisting would be permitted ‘only 


aN 

up » to the point where there was flat contact between the two pieces. . ‘a Ve 

_ Nore. —This paper by George Winter, Esq., was published in June, 1943, Proceedings. oe cer 

4 Research Dept., A. O. Smith Corp., ‘Wis. Be 

4a Received by the Secretary June 25, 1943. 

4° Numerals in parentheses, thus: (15), refer to the corresponding items in the Bibliography ( (Appendiz! , aby 

in n the paper), and at the end of discussion in thisissue. = = | led 


§Cons. Engr., The Canadian Bridge Co., Ltd., Ont., Canada. 
Se Received by the Secretary Jul July 9,1 1048. 
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al In the case of columns, two eccentricities are considered, the f first due to an 
eccentric end load, and the second due to the maximum ‘deviation of the _ 
from a a straight line betwe reen the a 
ends, Only the latter needs be 

considered i in the case of beams. 


~~ If the rule for reduction of ‘stress i in 


beams, either in the American Insti- 

tute of Steel Construction (A.I.S.C.) specifications or or in those of the —_— N ie. 

tional Building Code, is multiplied by — , a result fairly close to 40,000 — ———_ 

is (assuming = = 0. 2 b). that i= 0. 2 b was s not 
tion, 


there i is now a variation of from i = 0.156 to - = 0.27 b Pe rolled beams, with 
grotesquely varying results if the moment of inertia i is accepted as a measure of 


stiffness; and, of course, built girders and box beams are not included in the. 


which leaves these cases in the air. 
(20) p ‘presents eight tests, including for built and box girders 


Moore (21) gives s forty teste, reviews many more, and recommends the 


@- 


ib whieh m= i for ac cantilever, m= 3 for a ‘uniformly lo loaded beam, ete. In In 4 


‘diagram to its enclosing gle. The range of variation in the tests is stated 


to be ot 2,500 lb per sqin. His testing arrangement gives the test beam every 
opportunity to twist. if 20 Assuming t = 0.2 b, for 200 — 


the minimum stress would be more than 29,000 lb per sq in. for sili 


: loaded beams against about 17,000 in Fig. - 4. At 7* = 0, Professor Moore gives — 
500 from tests, while rg. gives 29, 000. The author cautions that (see 
sent 
ying in desig can n only be established bye extensive tests.” is of interest, however, 
more to note what existing tests reveal, and apparently they show that the A.L.S.C. 


and Canadian National formulas are undesirable, while the 

author’s mathematics yield no rule for the designer. 

7 The factor « of stiffness is taken by S. ‘Timoshenko (22) a as — Ue +I)’ 

and, in his example of a 24-in., 79.9-lb I-beam, it is 3. 46. This i is the Saint | 
Venant, rule, which, however, was intended for ‘sections with a chunky s¢ solid 
“center, and not for such shapes as I- beams. For the same section 1 the 
"Bethlehem handbook gives 5. 01 as the factor of stiffness, and > }wé equals 
about 4 4, if if average thickness i is used in the flanges. _ (August Féppl’ s tests (23) 


led him to the factor of stiffness of 1.29 for this Cae tee a see of ieee and 1. 29 x 4 
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‘In designing, Ww when by specifications, one use 


4 Professor Moore’s rule up to 200 + and, for greater v; values, alues, some such 


a 


for uniformly distributed remembering that about. 2,500 Ib per sq in. is 
_to be subtracted on account of the variation in beams. 
The result, of course, is mer erely : a . probable ultimate for a condition to w hic h 


any actual case is likely to be an approximation. 


7 (15) Bulletin No. 241, Eng. Experiment § Station, Univ. of Illinois, ‘Urbana, 19: 
(16) “Buckling of Elastic Structures,” by H. M. We estergaard, Trans sactions, 
= Am. Soe. C. E., Vol. LXXXV (1922), p. 576. 
“Strength of Steel Columns,” by H. M. _Westergaard an and William: R. 
Osgood, Transactions, A. 8. E., Vol. 50, No. 17, 1928, p.65. 
(18) “The Collapse > Strength of Steel Tubes,” by T. M. Jasper Ww. 
Sullivan, Transactions, A. 8. M. E., Vol. 53, 1931, p. p.219, 
“Importance of ‘Yield Strength in. Established Setting 
Depths for x Casing,” by T. McLean Jasper, Drilling and Production 
» (20) Der Eisenbau, 1912, p. 


(21) “The Strength of I-Beams in Flexure,”’ Bulletin 1 N Vo. 68, Univ. of Illinois, 


(22) “Beams Without Lateral Support,”’ by S. Timoshenko, Transactions, | Am. : 
Soe. C. E., Vol. LXXXVII (1924), p. 1247. 
(23) d. Acad. d, 295, 1921; Versuche u. d. 
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THE HYDRAULIC. 


Discussion “ 
By Messrs. FRANK S. BAILEY, AND G. H. HICKOX 


‘Frank S. Barvey,”* Assoc. M. Am. Soc. C. E. 260__ ‘Paraphrasing the Decla- 
ration of Independence, all men are endowed with certain rights, and among 
them are life, liberty, and the pursuit of knowledge. : 

_ The pursuit of of ' knowledge | often involves much labor : and, when know ledge 
‘is attained by any one engaged i in research and is “presented for the considera- 
tion of other researchers, some advance in the understanding of the particular 


topic under consideration is almost certain to follow 


-Many members of the engineering profession are engaged on work which — 
f must be pushed forward with as little delay | as is consistent with reasonable 
accuracy. _ Thus, when a job is under way, , they often must rely for basic 
information on the analyses and experimentation of others. The writer 
_ realizes the complexities. and difficulties of the subject the author has under- 
taken to to clarify ar and trusts that the a ee be of great value in in its | field. - 
H. Hickox, 27 M. Am. Soc. C. E2"*—The hydraulic jump as a means sof “4 
dissipating energy has been known and ‘studied for many years. The under- 


lying theory i is relatively : simple, and has been : stated clearly by Mr. Wood- ; 
ward. 


been and the | with theory i is s gratifying, p: par- 
ticularly Ww ith r respect to the vertical dimensions. 


tions it is desirable, and sometimes necessary, to produce ce the j jump ona na sloping 


In many practical a applica-_ 


surface | rather than on a horizontal one. _ The prediction of the final depth 


for this condition has not been entirely satisfactory her etofore. ‘The phe- 


* nomenon is governed by the same laws as when it occurs on a horizontal — 


_ Nore.—This paper by Carl E. Kindsvater, in Am. Soc. C. E., was published in November, 1912, 
- Proceedings. Discussion on this paper has appeared i in grea iy as follows: ae 1943, by Messrs. _ 


_ doe W. Johnson, and Karl R. Kennison; 1943, Messrs. J and C.J Posey; and June, 
1943, by Jerome Fee, Assoc. M. Am. Soc. C.E eo oe 
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Trond 


trouble has been ‘experienced in applying “The difgeulty 


“surface, but 


occurs in determining the horizontal component of pressure exerted « on the ‘mass. _ 
of water within the jump proper by the sloping bottom. ~inepataabeatinte r } 

Mr. Kindsvater presents. an ingenious and rational method of accounting 
a the pressures on the sloping surface. — _ The fact that his analysis includes an 4 : 
experimentally « determined coefficient og does not detract from its value. The | 


‘paper was the outgrow th of studies, made at the Hydraulic Laboratory of the 
- Tennes see v alley Authority ender the direction of the writer, to establish 
the elements of the jump on sloping su surfaces. ‘The method of attack was 
suggested by an earlier | paper by Messrs. Bakhmeteff and Matzke?’ in which 
‘it was sown that the horizontal : and vertical elements of the he jump could be 


(a) Bottom Slope; 0.336 a 
1.49 - 0.00338 A 


ail 


4 


of 
W 


Values. 


S=Values of — 
Slope 


200 80 


Values 
4 Fro. 18. .—VALUES OF AS A OF 


A This. discussion presents the results of later experiments made on a slope of 


1 on 3 and shows that the author’s analysis is applicable to any slope on which wa 
a satisfactory jump can be formed. The tests were e made in a flume 3.5 ft gs 
1. wide with discharges varying fr from 0. 760 to 3. 966 cu ft per sec, initial velocities | Fae 
;. from 5.57 to 9.68 ft p per sec, a and initial depths from 0.028 to 0.179 ft. The aa va 
values of ranged between 6.9 and 73.0. 73.0. Fig. +18(a) shows values of f asa 


~ 


tet 


_-:9*The Hydraulic Jump in Terms of Dynamic Similarity,” by B. A. Bakhmeteff and A. E. Matzke, 
‘Transactions, m. Soc. Cc. E., Vol. 101 (1936), PP. 630-647. 
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ig. 18(6) has been pri prepared to to show the relationship between for 
slopes between the horizontal and 1 on 3. 7 Data for the horizontal slope have 
“ taken from the paper | by Messrs. Bakhmeteff and Matzke. 29 The curve 
“for 'S = 0.336 is the same as that in Fig. 18(a). * ‘The other curves have been 
interpolated using the Kindsvater data as a guide. WwW ith 1 the value of ¢ given 
by Fig. 18, it is possible to calculate de for : any slope by 1 means of Eq. 14. 
Calculation of Depth dz.—In calculating the depth dz the writer prefers t to 
“use Eq. 24 which i is dimensionless and therefore directly applicable to a large’ 
Tange of variables. When the relationship between @ and A is known for a 


— 
EXPERIMENTAL DATA _ | 


S=0.336 
4 S=0.170 (Kindsvater) 
S=0.070 (Bakhmeteff and Matzke) 
| © S=0.046 (Bakhmeteff and Matzke) — 
- S=0.020 (Bakhmeteff and Matzke) 
(Bakhmeteff and 


Z 
‘Siven slope, — 
calculated for slopes between 0 and 0. 336 for of between 5 end 60° 


Be the curves of Fig. 18(b), and the results are shown in Fig. 19. 7 ~ 


See values of d, found for the 0.17 slope by Mr. Kindsvater and for 

si 0.336 slope by the writer also are shown in Fig. ” for r comparison. 2 
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‘paper by Messrs. Bakhmeteff Matzke ‘includes 


ad 


on , including the horizontal, fr 


directly from experimental results. The points also 
plotted i in Fig. ‘19. - In general, they agree reasonably well with the interpolated | 
curves. — _ It may be noted that the points for the horizontal surface fall slightly — 
below the corresponding curve, indicating the possibility of f experimental error. 
if the points for the other slopes are similarly i in error, the agreement with the 


curves is improved accordingly. | In general, the agreement between the calcu- 


lated ev curves and the experimental results is good and it is believed that the 
curves are satisfactory for practical estimates of the jump np height. 
* Location of End of Jump. —The location of the end o of the jump is a ‘a matter on 
w hich there seems to be little agreement among investigators. ‘The pi precise 
eos to be chosen is open to question. Some authorities assert that the end | 
of the j jump is ; marked by the highest water-surface elevation. This is not true 
on a ee howe ever, since a part o of ther rise is ‘not due 1 to hg jump a but i onal 


WwW vith respect to ) the j jump. % Ins addition, iti is s practically ‘impossible to determine 
a corresponding point in observations of field installations because of the 
extreme surface turbulence and also because the recovery of velocity head 
varies considerably due to local variations in channel shape. Another criterion 
for determining the length o f the jump is is the distance to the point at w hich | 
poi 
the bottom velocities are no longer dangerous to the bed. This distance i is not 1 | 
a satisfactory measure as it depends on the resistance of the bed to erosion and 1 | 
has no a absolute basis for r determination. — It also is extremely difficult to deter- 
‘mine ina prototype. structure. The chosen by the author (the e end 
of the roller) is one that can be determined with comparative ease both in the 
laboratory and in the field and is preferred by the writer for this reason. S It is. 
open to the objection that on steep slopes seriously high bottom velocities may 
exist beyond this point, and thus it does not necessarily indicate the length 
_ within which the high-velocity jet loses its destructive energy. ~ Ona horizontal 
surface t the end of the roller is some distance from the end of the jump but on 
slopes as steep as as 1 on 6 and steeper, the elevation at the end of the roller is 
practically equal to the highest Ww vater surface. 
In practical applications of the hy draulic j jump to the dissipation of energy, 
‘these differences in location | of the end of the jump become unimportant. I In 
- ‘most cases it is og economical to provide protective paving on the river bottom 7 
itis 
fr equently cheaper and satisfactory to stop apron ron at. a point 
some distance upstream and to terminate it with a low sill having a 
‘upstream face. Such a ‘sill deflects upward from the river bed any high- 
velocity flows that still might exist. its also extends the range of depths ov er 
which a satisfactory j jump will occur by maintaining a sufficient depth to ) pro- 


duce the j jump if for some reason fall below its 
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elevation. An extended discussion: as to exactly what constitutes the end of : 
the j jump i is thus 3 largely academic. _ The length of paving below a spillway i is 
subject to economic considerations and seldom is determined finally by the — 
theoretical length of the jump. Further discussion of this subject properly 

belongs to a study of stilling-basin design. 
--_In the preparation of Figs. -18(6) and 19 two definitions of the end of the. 


been used. in Fig. 18(b) are from data by 


the highest tailwater on ation. For the Kindsvater data o on n the 0. 17 prea 
and the writer’s data on the 0.336 slope, the end of the jump was taken at the 
end of the roller. As stated, for slopes steeper than 1 on 6, the two elevations 


are practically identical. _ For the level floor, the highest elevation of the water 
surface is preferable since the elevation at the end of the roller is somewhat 

lower. It is believ ed that interpolation between the values used for the level | 

floor and the 0.17 slope will ¢ give satisfactory results. 

a Calculation of Bottom Elevation .—The calculation of the depth de at te end 

of the jump on a sloping gurface has no meaning unless the depth can be 

7 measured at 8 a knowl n n point along the slope. Messrs. Bakhmeteff and Matzke” 
} 


(Bakhmeteff Metzka) 


have shown that ther atio be zis isa function ¢ of fora jump ona] ona 


‘The curve for S = 


is reproduced from Fig. 6(6),. ‘and the curve for = 0. 336 is on ‘the 

_ experimental data on the 1-on-3 slope. 7 Messrs. Bakhmeteff and Matzke con- 
- sidered the length L to be the distance to the highest water surface 


= water surfa e and the 


- 
| 
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ie 
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= 0 is constructed accordingly. Mr te 

hand, measured L to the end of the roller. | The: curves are thus iepaneidadeiets in in 
this respect. However, for a 1-on-6 slope, the end of the roller and the highest ¥ 

water surface are practically at the same elevation. The broken lines of Fig. 20 

represent an attempt to interpolate tentative curves that may be useful for 

design purposes. _ The plotted points represent the results of experiments by 

Messrs. Bakhmeteff and Matzke on _ relatively flat slopes. The agreement is 
perfect but: indicates that the curves are approximately correct. Fig. 


is sufficiently ac accurate » for practical design | purposes. 
is frequently necessary to determine the required bottom elevation to 
insure the formation of the jump with a given discharge and tailwater elevation. 
This can be done by assuming an elevation slightly below tailwater as the point 
of beginning of the jump. _ Having determined d; and for this point, the 
depth dz and the length L are determined in that order with the aid of Figs. 19 


3 and 20 20 The of t the bottom at ¢ distance . L from the 


result the bottom assumed point of beginning. . The 

difference between tailwater elevation and the bottom elevation thus calcu-— 
lated should be equal to de. If the difference i is eager than ds, another trial 
Only a very few trials 

are needed to determine the dimensions. with sufficient a accuracy. 
“ Case 2 Jump- —Data on the 0.336 slope for the Case 2 jump were not 


“obtained. was not possible, therefore, to a curve similar to Fig. 8 
for other slopes. 
_ Effect of Approximate Initial Pressure on n Final Depth. _The effect of the 
_ approximation to the initial pressure (Eq. 9) on the final depth may be deter- 
mined to a first approximation by assuming that the neglected difference i in 
= pressures affects the final depth so little that the change in final velocity © 
may be neglected. The erre error in initial pressure, AP, is the difference between 


abs 


(dy) w (dy? (4-1) - w (di) pane tan’ a. 


1= = 


Neglecting corrections to the momentum at section 2, the error is = pressure Ps 
is equal to the e error in pressure P;. Theerroratsection2is 


AP; = Ad; + A(d)*]......(67 


: pressure sure and the ¢ correct pressure, 
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_ w (di) tent a= dz Adz; from which 


t is more convenient to write the ratio of the error in final depth to the depth: 
2 
The error ten’ a slope of 1 on 3 and a depth ratio val 0.4 is 0. 9%. For smaller 
depth ratios and flatter slopes the error is less. _ For practical papeme it may 
beneglected, 
‘The: actual pressure at section 1 seems to be rather uncer tain. ‘The pr pres- 
“sures on | both sides. ofav vertical plane a at that point should be equal. ¥ _ Approach- 
‘ing the section from upstream, the pr pressure on the section for uniform parallel 


‘tow is given by sata ‘8. Ont the downstream side of the section, experiment 


shows: that the bottom p pressure is ig OH . ‘Since the v vertical depth i is ae , tk the 


which is Eq. 7 This indicates 


total on the ‘section is 
cos 


discontinuity « of pressure at section 1 or, ‘more probably, a rapid change i in the 
type of flow. The use of Eq. 9 thus’ may y be justified on other grounds than 


= 
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M AM. Soc. Cc excellent discussion 
of the origin, transportation, and deposition | of the sediments in reservoirs 
has been presented in this paper. Of interest to the w riter is the section of 
the paper concerning the transportation of sediment to the reservoir. - Some 


of the phases 0 of this problem well may be extended in the light of recent 


investigations, 
For ‘practical considerations the total sediment load of a stream | consists 
of three parts—the wash load (6), the coarse material in 1 suspension, : and the 
coarse material rolling or sliding along the bed. The equipment and method 
_ of calculation used in estimating these loads differ greatly. The w ash load 
~—— be estimated very very ‘simply by continuous and frequent sampling during | 
rises. In some instances, the use of distribution graphs of 
“matter concentration (33) or turbidity data. (34) may greatly s simplify | the 
labor of determining the load of wash ‘material. The: wash | load i is composed 
| of relatively fine material and constitutes much the greater part of the material 
q a suspended-load sample, _ It may be regarded as sediment in relatively 


_ permanent suspension. The settling velocity of the wash material is very 


= small, and, once the material is washed into a stream, it is transported com- 
pletely through the stream system, by even the most feeble velocities, to the 
point of deposition. 1. Itis is the wash material w w hich probably | constitutes the 
bulk of sediment that passes through reservoirs in muddy underflows. 
quantity of wash material a stream bears no relation to the 
dmg because the conditions of supply, which vary from year to” year and 
season to season, are independent of flow conditions. 
a The author states (see heading, ‘ ‘Transportation n of Sediment to the Reser- 
. oir: Bed Load”’) that “bed load, ‘unlike suspended | load, is directly r related to 


the discharge at all times, hoc the sediment supply for the bed- load forces 


4 —This paper by Berard J. Witzig, Jun. Am. Soc. C. E., was published in June, 1943, Proceedings. 
‘Asst. Prof., Dept. of Mech. Eng., Univ. of Berkeley, Calif. 
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_ is nearly alw ays available * * *. ” This statement which infers that no direct 


‘relationship exists between suspended load and discharge is true only when 
total is igo Ww hen the loads o of sedi- 


load, ieiiies both fine and coarse material, is not deostty related to the 
discharge because of the variability of the wash load . The coarse material i in 
suspension, how ever, is related to the discharge because the supply ¢ of this 
material is alw: ays av rail ible, e except, : as stated by the author (see same heading), ; 
“on debris-clear rock-lined channels.’ ? An excellent illustration, showing how 
the « coarser grades of sediment are related to discharge, is given by the extensive 
measurements of C. P. Vetter, M. Am. Soe. C. E. (35). “aie ae 
The author suggests the use of * ‘silt-rating curves” in estimating the 
suspended load of streams. In such a practice, of course, it is assumed that 
the suspended load is directly related to discharge. The curves given by the 
author, along with the data of ‘Messrs. Campbell al Bauder | (16), indicate ; 
that an approximate relationship may be developed between instantaneous — 
values « of discharge and suspended load, presumably including both fine and 
coarse material. . In these instances, the period of observation has extended — 
over only two or three years when conditions of supply may have been approxi- | 
mately | constant. In connection with the extensive sediment investigations on _ 
the Missouri River and its tributaries by the U. S. Engineer Office, silt rating 
curves were plotted for twenty-two stations (36). _ Except for the curve of the 
- (an), the City s station on the Missouri River, which has been published elsewhere 
(37), the curves for the various stations have not been published. These 
curves may be examined, how ever, in ti the office of the Chief of Engineers in 
W ashington, D.C. ~ Some of these curves show a usable relationship, as found 
“for the Kansas City ‘Station, | Ww hereas other plots show such a large scattering 


“of data that their use is of value. As data to the 


= minimum discharge was 20,000 cu ft per sec and the maximum discharge 


was approximately 187,000 cu ft per sec. 
For streams on which observations, extending over a period of several 
years, are available, a a silt rating curve based on annual rates of runoff and 
sediment load shows some scattering of points but: “appears to give a more 
simple relationship for estimating the average annual suspended | load. 
example, Fig. 4 shows a plot of annual runoff and suspended load for the 
“Colorado River and its tributaries as observed b by the U. 8. Geological Survey _ 
$< - These data were obtained for periods from twelve to sixteen years. 
With the average ‘annual runoff being estimated from long-term discharge 
- records from the various: streams, these curves can be entered directly to 
obtain the approximate average annual suspended load. © 
_ Although an estimate of the average annual contribution of suspended load - 
of a a stream ‘Tequires considerable field and ¢ office work, an estimate of the 


"average annual contribution of bed load can be made accurately and con- 
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eni i 
duration curve. 
bed- load <sonlige neither one of which has had the extent of entinetion | in ‘ 
natural streams that the had. The formulas 


3 
FH |: 
mel &. 
= 
= 
The 
= 
| 
= Colorado River, Lee’s Ferry, 1929-1933 
Colorado River, Topock,  1926- 1938 


x Colorado River, Grand Canyon, 1926-1941 
© Colorado River, Cisco, Utah, 1930-1941 - 


Green River, Green River, 1930-1941] 
San Juan River, Bluff, Utah, 1930-1941 


Annual Load (Millions. of Tons) 


_ expressed by Eqs. 5a and 5b include a “critical” discharge to describe the 4 
condition when movement of the bed material begins. - “Unfortunately, this 
is a condition that does not exist in nature” (21a) . In many instances, the 
—_ "magnitude of the critical discharge is negligible in comparison with the dis- 

charge \ under consideration and might just as well be discarded. 
~The author states (paragraph preceding heading ng, “The Action of Sediment 

” 

: i. in Reservoirs”) that the Einstein functions ‘ ‘are quite , complex, and do not 
- readily permit estimates of bed load for the aero conditions met in the field.” J 
7 Admittedly, the functions are quite formidable in appearance on first exami- 
7 nation. + How ever, further consideration will show that many of the terms are 
7 constants, and calculations of the r: rate of bed- load id transportation i ina particular 
_ each of a stream can be made qi quickly 2 and conveniently from a few simply 
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o=F Name, 


and i is related to the hydraulic va a 
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in which qo is is the rate of bed- d-load transportation | in weight under water per 
unit width per second; F is a dimensionless factor in the Ruby e equation for : 
settling velocity and is a function of the representative grain diameter oy 
gis the acceleration of gravity; s, and 8s are the : specific gravity of the solid 
and fluid, respectively; 7 is the unit weight of the fluid; S, is the slope of the 4 
energy grade line; and RF is the hydraulic radius of the bed. aes 
= For very wide -channels—that is, where the energy dissipated along the 


banks is negligible compared to the energy dissipated along the bed—the | a 


o- terms and ¥-terms can be used as follows to construct a set of curves or to 
_ prepare tables that show the rate of bed-load d transportation per unit width as — 
a function of either discharge « or depth for various slopes and bed material. 


| Thus, if s. = 2.65 1, and y = 62.3 Ib ft, the ¢-terms and y-t | 
us, u ,8 an er cu e an terms 

| — the ¢- 


may be written as follows: 


= 32.2)" 750 F Die 


in which d is the depth of flow. For a certain r grain 
q 


(that i is, the grain size at which 35% of the mixture is finer) and channel slope, 
values of y can be computed for various ‘assumed depths of flow. From the 


300 Einstein curve ‘showing the > relation between o and y, the value of ¢ corre- — 
7 — to ~ e computed value of yi is ; obtained | and the value of qo is then 


curve the between G and depth of flow | (or Q) may 
be constructed. — In the event that the friction along the side-walls cannot . 7 


| ns 

+ neglected, the hy draulie r radius of the bed should be used in place of the depth 

Field measurements by Mr. in 1941-1942 (39)(40) made on the 


rates of bed- load transportation in Mountain Creek near Greenville, Ss. C., 


- and West Goose Creek near Oxford, Miss., using a portable measuring appa- 
ratus, have verified the relation developed from flume 
1. & studies and have extended the range of application to = 10. This range of 
ni application includes small streams ond canals with fine sediment or — } 
re ; A determination of the average annual volume of bed load 1 transported by 
P stream may be obtained by 1 using the relationship between discharge 
aol - Tate of of transportation i in conjunction with the flow-duration ¢ curve of the stream 
d (4). A table showing the frequency of occurrence of various discharges is 
tq ~ prepared from the duration curve—that is, the total range in discharge is 


| divided into a convenient number of parts and the percentage of time that 
the mean discharge in each part prevails is determined and tabulated. _ The : 
7 number of seconds that each discharge prevails per year is computed. — | The 


amount of bed load that is transported per hour for each discharge ma may | be 
determined from the previously established relationship between discharge 
rate of transportation. The rate of transportation for each discharge, 


— 
— 
4 
= 7 — 
— 
= 
= 
\" 
: 
d 
& 
(9a) 
2 
— 


JOHNSON ON SEDIMENTATION 
multiplied by the total number of seconds that the particular discharge 1arge prevails ° 

year, gives the annual amount of bed load for that discharge. The 


of the amounts of bed load fe for the various discharges gives the average annual 

weight of sediment: transported as bed load. This annual load on a w weight q 

a basis can be converted to volume by. merely multiplying by the weight per 

On streams where e discharge records are not available for | the construction 

of a flow- -duration | curve, the duration curve for a ‘neighboring stream (cor- 


Ww hen and are similar. 

6) “A Distinction Between Bed-Load and Suspended “Load in. Natural 

Streams,” by H.A Einstein, Alvin G. Anderson, and Joe W. 

‘Transactions, Am. Geophysical Union, 1940, pp. 628-633. 


“4 “A Rating Curve for Determining the Silt Discharge of Streams,” 
___-F. B. Campbell and H. A. Bauder, ibid., pp. 603-607. a 
A. Einstein, 


. ens “Formulas for the Transportation of Bed Load, ” by FE 


Cn ol ‘Transactions, Am. Soe. C. E., Vol. 107 (1942), pp. 561- 577. (a) p. 595. 
63) “Distribution Graphs of Suspended- -Matter Concentration,” by Joe W. 


Johnson, ibid., Vol. 108 (1943), p. 941. 
(34). “Use of Turbidity Determinations in Estimating t the Suspended L Load of 


Wa _ Natural Streams,” by R. G. Grassy, Journal, Am. Water Works Assn. 4 
Vol. 35, No. 4, April, 1943, pp. 439-453. 
(35) 


Desilting Works for the All-American Canal?” by c.P. Vetter, 


Engineering News-Record, Vol. 118, No. 8, 1937, p. 321. 
(36) “Missouri Rit River,” H. R. Doc. No. 238, 73d Cong., 2d 1088 


(37) ‘Transportation of Sediment in Suspension,” by L. cia 
(38) “High Silt Content of Colorado River,” | Engineering N News-Record es | 
130, No. 14, April 8, 1943, pp. 502-503. wea ee 
Flow of Water on a Movable Bed,” ” by H. A. Einstein, 2a Hydraulic 
Conference, Univ. of Iowa, Towa City, 1942, 
(40) “Bed-Load Transportation in Mountain Creek,’ by H. A. Binstein, 
Office of Research, SCS, U.S.D.A.,1943. 
_ (41) Discussion by Joe W. Johnson of “Statistical Analysis of Hydrology,’ ‘a 7 


R. Beard, Am. Soe. C. Vol. 108 8 (1943), p 
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ORGANIZING AND Fl FINANCING SEWAGE 
ECTS» 


Discussion 
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BY A. BRINTON CARSON: 


BRINTON Carson,’ Assoc. M. Am. Soc. C. his excellent paper 


"projects has been independent ‘of other local governments; but it appears, 
from his paper, that the trend proceeds at a snail’s pace. it also appears that | 
the ‘existence ¢ of such | a trend at wae is is due, not to the practical considerations 

: "The evils of organizing sewage treatment projects along purely municipal 
oF local governmental lines have always been apparent; so too have the engi- 
-heering fallacies to which this practice frequently leads. Greeley 
either or unconsciously, the difficulties encountered in 


cause small their effluent into small streams, the 

required degree of treatment is generally higher than for large plants dis- 7 
charging into larger bodies of water. Yet it is precisely for small plants that 
the greatest ‘difficulty is encountered in securing properly trained operators. 
The difficulty, « of course, is basically financial. _ The proper operation of small 

plants tends to increase the per capita cost of operation, sometimes. seriously. - 
= is fe pn therefore, th: that larger plants, or groups | of small ones operated 


There are other difficulties i in small communities, however. Consider the 
ame of C and D, two small adjoining towns on the Because 
they were unable to agree on a joint plan, each built its own on plant. 
Both plants were finally constructed 200 yd apart on the same bank of one 


_ Nore.—This paper by Samuel A. Greeley, M. Am. Soc. C. E., was published in December, 1942, a 
Dome Discussion on this paper has appeared in Proceedings, as follows: December, 1942, by Messrs. 
Milton P. Adams, and Hal F. Smith: April, 1943, by H Herbert Assoc. Am. Soc. Cc. E.; and 
1943, by Francis H. Kingsbury, M. Am. Soc. C. 


CEC-V(S), U. 8. N. R., Philadelphia, Pa. 
: Bs Received ed by the Secretary May 24, 1943. wii 
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stream the case of A, another small town. _ Agitation 


stream. Just outside the town limits of A, also on low was 
thickly populated area, not incorporated as a town, a part of the adjoining» 
township. Town A provided its citizens with sewerage and sewage treatment. 
It was willing to take the sewage from the adjoining area and treat it, but 
could do so. legally only by agreement with the adjoining township. The- 
wnship refused to enter into any nepeemnent for, the benefit of this small 
area, 
afraid of setting up a precedent. 
st is noted that even the Illinois Enabling Act permits territories the 
"freedom of choice a: as to w vhether they shall annex or disannex themselves to or 
- from a drainage district. _ No thought is given to the effect of this freedom of 
_ choice on the remainder of the sanitary district. — Where such a territory lies 
in the center of a natural drainage area, the effect of its withdrawal might be 
disastrous on the entire remaining sanitary district. 
_ It is true that the reason for many of the difficulties now being encountered 
on lies in the fact that: sanitary engineering, in terms of civilization, is relatively — 
new. . The education, for great masses of people, as to its necessity has s scarcely 
begun. 2 It has been 1 necessary, practicable, and advisable to construct sew erage 
facilities as opportunity offered—almost, it it migh be said, as an educational 
_ It is probably true that the educational phase is not yet over even in the 
_ United States; but, coincidental w with the declin of that phase, there should a 
~ financing of sewerage and s sewage , treatment plant c construction. | If itis begun 
early it will be well done in the end; if it is begun late it may never be oo 
at pall, Asa basis for such planning, the writer offers the the following suggestions 
for an ideal design, with the thought that. existing conditions and practical 
considerations be permitted to modify it only b by the purest urest compulsion, = 


LW hat is (or . should be) the definition of a @ sanitary district? — ek 
7 Pe A . sanitary district may be defined as a section of the earth’: s surface con- 


= of the whole or part of a natural | drainage area or a series of such areas 


2. How eatensive should a sanitary ry district be? = ne 7 
A sanitary district should be large enough to warrant the construction of 
a sewage treatment plant ; with a capacity of of at Teast 1,000, 000 gal per day 


ultimate density. This arbitrary definition will: be further modified 


 @) The availability « of a plant site of sufficient size for present construction | 
@) The average slope of the basin. . Whe here the average | slope i is relatively. 


flat the district may be limited by the time required for 
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< (c) Undulating or special terrains, such as a community in a flat. desert 
7 ar area; communities built along a shore and isolated by salt marshes 
from the n ‘mainland, ete. 
8. To what extent should d existing boundaries be used 
Pre-existing governmental boundaries should be used only where they 
v happen to coincide with the boundaries of a drainage area, It is a purpose of - 
this procedure to ‘ignore all local governmental boundaries, and to consider 
= question of sewage entirely from an engineering point of view. it is 
believed that such a procedure will reduce operational costs as well as over- 
4 When should such a sanitary dist district be be organized? a alia ly : 
When the « density of population of any part of the district warrants the 
collection and treatment of sewage. Further definitions might be set up 
covering this phase, but it is likely that the pressure of local opinion may be 


Who should ‘determine th the area of a sanitary district? 
should be first approximately defined by. that agency of the 
ment customarily charged with reviewing and passing upon proposed sewerage ; 
facilities. . After the district has been organized, by the } procedure outlined 


herein, preliminary | surveys s should define the area more exactly. The | — 


area, as well as in adjoining drainage areas. — 
6. When should a state agency delineate a sanitary district? 
On a petition from 100 qualified voters in a continuous area. Iti isa 
ie at a town or community would be the continuous ar area I referred to. : 
7. How should a ‘sanitary district be activated? 


After a a petition of 100 qualified voters has been referred to the state 


agency 
controlling sewage, the agency would define the approximate limits of the — 


district. _ This information would then be referred to the ‘executive branch of 
the state government, which would “appoint three commissioners to supervise 
an election in the district. 4 The state would be empowered to advance the 
of "this election, from funds set up for this purpose (see ‘subsequent 
heading, “Financing,” regarding preliminary financing). _ The question | to be 


determined by this election, of course, is that of whether the district shall be 


organized and sewage facilities constructed. 


is possible that, under certain ‘conditions, it ‘might be advisable t 

-inelude i in this election the selection of permanent members of the sanitary 
- district board d or commission. | In n other cases, assuming that the vote of the 
; - electorate is affirmative, it may be preferred to select the district board by a 
: separate election or by appointment by the executive arm of the state. How- 


- ever, this ; step of the procedure, being entirely — will vary from 
‘State te to_state. 


n- 
as 


| 
— 
— 
é 
— 
: 
7 
d Intereste = 
party. Ihe state is also cons 
as a centralizing agency having» 
n — 
le by 
iS 
sumed 
= 
— 
ot | 
on q 
age 


CARSON ON SEWAGE TREATMENT FINANCE Disc 
‘The next step, after establishing a s sanitary district board or commission, : 
would be proceed with a comprehensive survey of the sewage handling 
requirements of the district. On completion, this would be presented to the 
state agency for review and approval. ili is assumed that the area might vary 
: from that originally proposed by the state, but iti is believed that it will seldom 7 : 


vary to such an extent as to affect, ‘materially, the population included 


thus require a new election. 
Ww hen the state a agency and the detictiae engineers have agreed on a compre- 


hensive | plan of the e facilities, area, ete., tl the district Pee in a position to to 
consider costs and methods of financing. ine 

8. WwW hat jurisdiction should a sanitary ¢ district board have? 

a A sanitary district board should have full jurisdiction over aie collection 

and treatment of all sanitary wastes within its area. This should include 


ail 


“existing facilities as well as those proposed. Storm drainage, except where it 


a is incidental to sanitary sewerage facilities, should remain a function of existing | - 
governmental bodies. The acquisition and operation of existing sanitary 


facilities will constitute a special problem in ‘every case. 7 Additional study, 
terms, should be given to this phase. 


‘The treatment (and transportation) of prime industrial wastes should be- 
limited to a percentage of the total volume of sewage to be treated. | That 

_ Percentage | should be the quantity which a plant designed f for sanitary sewage 
ean absorb without impairing its operation. ‘Where prime industrial wastes 
is are treated at the source they | become secondary industrial wastes. A larger — 


percentage of secondary industrial wastes might be permitted. + 
In general, then, the jurisdiction of a sanitary district board should be 

- complete over all sanitary sewerage and treatment or anything which might 

5 7 limit or interfere with, or affect, the cost of such treatment. _ 

a What powers should a sanitary district have, when fully constituted? — 

powers should include the following: 


— @ Tot fix the extent nt of present and future requirements of sanitary sew age 


- facilities for the. area, and to engage the necessary professional guid- 


ance e for sc so fixing. perme, 
(b) To own, construct, or acquire such facilities as may be required 

(ce) To operate facilities so a acquired. 
; @ To finance the construction or acquisition of such facilities by the 
™ acceptance of grants, the i issuance of bo bonds, or such other ‘Means as as 

bemadeavailable 

(e) To make such charges for the collection | and treatment of of ita: 
sewage as shall be found necessary to provide for adequate opera- 


and for the retirement of indebtedness. a 


10. H ow should these powers powers be vested in the sanitary district? — _ : 


1. How . ‘should the the in the ‘establishment t of a sanitary di district be 
financed? kad 
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September, 19438 CARSON ON SEWAGE TREATMENT FINANCE 
legislative act providing for the creation of ‘sanitary districts 


4 provide for an appropriation from state revenue s. This appropriation | i, : 
A be used as a revolving fund for the purpose of advancing funds" for elections, 7 
7 ‘comprehensive surveys, , ete. (but not including the acquisition of facilities), 7 
to bridge the period 1 until permanent financing has been obtained by the 
i district. . From its financing, the district would then r repay to the state n moneys 
7 0) advanced. — _ In cases where the district failed to complete | its organization, 

J = state > weal carry the funds so advanced as a charge : against any euch 

-— 7 12. How ow should the construction and acquisition « of sewage treatment plants be 
a _ The cost of the e construction : and | acquisition | of sewage , treatment plants, 7 f 
pumping stations, main trunk « sewers, , outfall sewers, etc., is essen- 


no matter the n, provides | for 
considerable extension of use before additional facilities must be constructed. 


‘There is, therefore, no equitable er these costs except on the 
basis of area. he 


The owner of a hundred acres presumably can use present facilities without 

new construction if he should develop | the property. Therefore, it follows — 

that the costs of sewage treatment plants, ete. ., Should be assessed on an 

acreage basis for all area within the district. If later development within 


_ the district requires additional construction of this type, the eins . 


should again be assessed on area. 
18. How should the cost of | branch sewers (that is is, collection systems) be e financed? — 


The cost of branch sewers is essentially a function of accessibility « or possible — 
ze. Therefore, it is a function of frontage. It follows that the cost of 7 


branch se sewers should be assessed on the frontage served. Assessments should 

the be based on the cost of an average 8-in. or 10-in. sewer at average depth. - 

ae Where trunk sewers are available for individual connection, only the cost of the 

Standard branch sewer should be assessed against frontage, the remainder of 
ary the cost being carried under paragraph 12. Costs of connections t to the line 

the property should be assessed against frontage on the same standard 

: 7 basis, such as 1 per 5( 50 ft of frontage o or, for for singly-owned properties, a fraction 
thereof, 


«14. A ow should the cost of operating a and maintaining the sewerage and t treatment _ 

be financed? 
. The cost of operating and ‘Maintaining a sanitary sewage system is essen- a 
- tially a a function of use. — ‘Therefore, its cost should be , charged against those 
who use it. \ presented in the Third Progress Report of the Committee 
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_ CARSON ON SEWAGE TREATMENT FINANCE Discussions 
“of the Sanitary, Engineering Division on Sewer Rental Laws and Procedure® | 
indicate that use rates are of three types: (a) A flat rate per connection, (b) a : 
rate based on water consumption, and (c) a rate based on fixtures or type of DI 
connection. A. flat rate. is necessarily limited in application | to relatively 
‘small communities with a uniform density of population. It is 
unsuited for use in the proposed sanitary district. 


to the sew In the sanitary district, this might 

frequently n not be the case. © Several different water suppliers, in some cases 

privately- owned water companies, might ec contribute to the sewage flow. Asa 

ome method of rate fixing, therefore, water consumption is not universal 

enough in n the Possibility of its application. There is the additional factor 


‘use may vary widely. Extensive and unnecessary collection and treatment 
ca facilities m may have to be provided whieh will not be used, due to the knowledge 


«iat appears that the most equitable basis: for sewage I rates is that which 
examines and adheres the most closely to the probable use. The ‘number and 
the type of fixtures, conditioned by their location as to residential or industrial 

4 

use, appear to distribute the cost of operation and maintenance most satis- 
_factorily and are the most available for universal application. 


15. How should the collection of charges for sewage service be organized in a 
- A sanitary district i is conceived, herein, as an administrative organization. 
“To avoid, as fully as may be possible, the duplication of existing functions 
already ot organized, iti is proposed not to. authorize the sanitary district board to 
collect directly from the individual sew sewage age contributor. The sanitary district — 
_ would establish the « assessments and rental charges, but the actual billing and 
collection would be in the hands of the several local governments or r portions : 
thereof that might be part of the sanitary district. ‘They, i in turn, would make 
periodic re returns to the district. This would permit the inclusion of assessments 
on tax bills and, at least in ‘certain cases, rental charges on water or other | 


_ bills issued periodically. A nominal fee for collection could then be 


deducted from returns to the district by the local governmental body. Po 


Summary —it has been the intention, in the propose 


a in Illinois and some of the. ‘difficulties encountered ag ‘From Mr. 
_Greeley’s paper, it is evident that even the Illinois Enabling Act is a compromise 
_ political and legal expediency a and that the careful planning of the engineer > 
has been only an afterthought. Any enabling act, of | course, is better than 
“d none at all, but it is the writer’s thought that the engineering profession should — 


be prepared to propose its own enabling acts in the future. it” _ 
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DISCUSSIONS 


CONFORMITY BETWEEN MODEL 


he PROTOTYPE 
A SYMPOSIUM 


— 


> 


BY Martin: ‘NELSON, 


3 
7 Mann E. NELSON AM. Soc. > conclusions reached by 
Mr. Soucek, k, in his study of the effect of submergence on the flow of water 
over a spillw way and j in his comparison of discharge over a ‘model crest and its a 


- prototype, are verified substantially by similar tests conducted under the a 
supervision: of the writer in 1932. _ The model tests in question were made i in 


~ connection on with the design ¢ of _ — described in the paper by Mr 
736: 


CREST NO. 1 e CREST No. 


| Hopkins, The The tests were made ‘ite: for the purpose of developing a 
tilling basin to protect th the downstream toe of the dam. Two model 


: crests with cross sections as shown in Fi ig. 82 were constructed of concrete to a 


‘  dndens — as large as the proposed prototype. Model crest No. 1, simu- 


_ Norg.—This Symposium was published in October, 1942, Proceedings. Discussion on this Symposium , 
has appeared in Proceedings, as follows: December, 1942, by ‘A. E. Niederhoff, Assoc. M. Am. Soc. C. E.; 
January, 1943, b Messrs. C. I. Grimm, and Joe W. Johnson; te i% 1943, by V. L. Streeter, Assoc. 

Am. ; March, 1943, by 7 N. Cox, M. Am. Soe. C. ; April, . by Messrs. Graham 
A. Einstein, K. G. Tower, R. J. Pafford, Jr., Edward H. seiule’ and F. T. Mavis; May, 1943, | 
Messrs. D. C. McConaughy, L. Standish Hall, A. _ Gilardi, Fred W. Blaisdell, A. R. Thomas; and June, 
1943, by Messrs. Gilbert H. Dunstan, Robert F. Kreiss, J. H. Douma, and Marvin J. Webster. — a 


Senior Engr., U. 8S. Engr. Office, St. Paul, Minn. 
Received by the Secretary March 22, 1943, | 
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lating proposed ‘design, was equipped v with several pressure pie- 
zometers along its center line. | On this model it was observed that, under 
certain conditions o of discharge a and head, considerable negative pressure formed — 
‘under the nappe. A model of crest No. 2 was tested to determine the effect of 
the indicated ed modification i in shape on the pressure gradient u under | the nappe. 


Te (a) CREST NO. 
| 


=e 


~ 


i 
736.0 Water Surface 


740 742 744 746 748 #750 752 754 756 758 760 762 
_ Water Surface | Elevation in Lower Pool, in — Above Mean Sea Level ae 


Although the pressure condition was considerably improved, for economic 7 


reasons and because the condition under which the negative pressures in the 
_ prototype might be serious would be of short duration, this design w was not 

adopted for the prototype. However, the calibrations of model crest No. 2 

will be introduced in this discussion to indicate the change in discharge coeffi- 


cients for free and submerged conditions with respect to crest: profile. ‘The: 


ral 


— | 
q | 
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September, 1948 NELSON ON M ODEL-PROTOTYPE CONFORMITY 
prototype spillway was constructed to the section designated as crest No. 1 
in n Fig. (82, except that pes crest elevation is 737.5 instead of 736.0. The B: 


LEGEND © 


Crest No. 1 
Crest No. 2 — 


7 


1 
Energy Head on Cre: Crest, He Ft 


ror FREE 'SCHARGE 


supply w: w vas measured over a V- -notch weir, and tailwater levels were regulated 
by means s of an adjustable g gate at the lower end of the testing flume. — a Water- : 
- surface elevations in the upper pool were observed by means of a piezometer Z 
in the flume wall, _ together with a stilling well and hook gage, : at a point corre- 
sponding to ) 142 ft upstream from the crest, and similar readings in the lower 


om made at a distance of 345 ft downstream from. the crest. Ina 


to times an an arbitrarily sel selected of river discharge. 


W hen the flow had become steady and the tailwater ter level had ini adjusted a 7 


toa desired elevation, several readings w were made on the weir gage and on the 


rate, another water was in the lower r pool, and the | gages 
_ were Tead again. This procedure was followed until a sufficient number of 
points had been obtained to describe the headwater-tailwater re relation for the 
given discharge. Then, a different rate of flow was established and the tests 
were repeated. Seven discharge rates —— — 25,000 to 165,000 cu ft 
headwater-tailwater 
and crest No. 2 are shown in Fig. 83. a The ‘coefficient C in the seme (see 


The models, 2.53 ft long, representing spillway lengths of 50.6 ft, were a ae 

: tested in a glass-walled flume. The floor of the upstream approach was fixed . 
EL. 718.0 and that of the downstream approach st El. 719.0. T 
| 
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NELSON 0} ON MODEL-PROTOTYPE CONFORMITY Discussions 
“computed for each discharge rate in the region of free flow i is shown graphically 
with respect to total head in Fig: 84. Coefficients of discharge under sub- 
merged flow conditions were also computed by Eq. 13 (or Eq. 36) for each 


— ‘submergence. Fig. 85 contains the ratios of coeffi-_ 


—" 


Note: ‘Solid Poit Points Are | 
for Normal Tailwater 


| 


| 
03 

0. 


TH 


‘ = Ratio, 42 (See Fi 3) 


4 85. —CoEFFICIENTS FOR ‘SuBMERGED D1scHARGE 


Wlhatar 


cients for submerged to free flow in relation to the ratio of upstream to cod | 


— water levels above the crest of the dam for crests No. 1 and No. 2, 


of the respective crests. Crest No. 1 is shown in Fig. 84 to be more efficient 
in the region of free flow, whereas crest No. 2 is decidedly more efficient under 
“conditions. The change takes place at ‘approximately 


ratio. conclusion (a) reached by Mi 
ae “The effect of submergence on the discharge is affected by the shape 
of the “spillway .” However, contrary to Mr. Soucek’s findings, the 

tests on crest No. 1 and crest No. 2 showed no consistent relation between 
the rate of discharge and the coefficient pattern. 
+ Comparison of Model and Prototype.—After the prototype had been c Soot 


structed, the water-surface elevations in the upper and lower pools were 
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observed on staff gages at frequent intervals during the passage of several - 

peak rates of discharge over the crest. From these readings, hydrographs 
were constructed from which the simultaneous elevations of the upper and 
lower pools were read | at the peak « of the hydrograph when the flow could be _ 
assumed to be approximately constant. _ The relation of the water levels 


observed during several freshets is shown in Fig. 86. In the same figure is : 
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in Feet Above Mean Sea Level 


00l, 


er 
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Elevation i 


Water Surface 


rface Elevation in Lower Pool, in Feet Above Mean Sea Level 


86.—Srace Retamion ap Puororvee 

ro this relation computed from the discharge coefficients determined i 

“the model. Thé pool relation curves shown in Fig. 83(a) could not be “a 
‘pared directly with the data observed in the prototype because the prototype 
e. crest was constructed to a higher elevation than the model crest and, further- 
F more, because the tailwater eating:< curve existing in the prototype 1 was different 
from that used in the model. — _ This correlation between the model and proto- — 
type is ‘considered to be very” satisfactory and substantiates Mr. Soucek’s 
= good ‘agreement 1 may be expected between 


spillway coin and prototypes of the sizes | used in these tests s under submerged 
well as free flow conditions.” 
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Discussion 


MEssRs. RS. “TURNER, AND Mark W. Huccins 


— 


P. Turner,®*® M. AM. Soc. C. E. s8a__ —Illogical deductions (see 
and Stress’) presented i in Mr. Woodard’ spaperare that: 


Biel ++ (a) in materials strained by exterior forces including shearing 


forces, only two kinds of stresses are set up—compressive stresses and 
_ tensile stresses—and (b) shear is accompanied by and resisted by internal 
forces of tension and compression. In other words, there is no such thing 
as shearing stress or shearing strength as distinguished from compressive 
and tensile stresses and compressive and tensile strength.” 
_ Axial forces | cause elongation: Positive if in tension, negative if in compres- 
ie, The unit stress under these conditions iss = —. In simple elongation, 
rotational I strains | accompany elongation. _ These are best visualized by a strip 


of rubber 1 in. in width marked off in 1-in. 1. squares. By drawing diagonal 


. 4 lines from corner to corner of the squares with white lead, a kind of pantagraph 


frame is formed by the white lines. If the strip is stretched, these diagonal 
lines rotate about their intersection, disclosing the angular distortion of two- 
dimensional displacement. These Totational actions differentiate ‘Totational — 


ie under load supported on on four sides, or in in the case of continuous mpirwre 
supported by spaced columns. — ‘Fig. 12 represents a stress-line analysis of the — 
latter type of plate, and the traces of the spiral right and left shears on top 
and bottom surfaces are presented i in the diagram. — The coordinates of these 
shears are the planes of zero shear and greatest vertical shear and of zero shear 
and greatest twist. _ These shears fix the contours of curvature under load = 


= -Notse.—This paper by Silas H. Woodard, M. Am. Soc. C. E., was published in February, 1943, 
‘Proceedings. Discussion on this e per has appeared in Proceedings, as follows: April, 1943, by Messrs. _ 
C. M. Goodrich, ae P. van Buren, Joseph A. Wise, and David B. Hall; and June, 1943, by ma 


~ Roberto Contini, I. Nelidov, Bernard L. Weiner, Richard W. Albrecht, and Duff A. Abrams. 


Received by the Secretary June 1, 1943. 
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their intersections. contours are principal stres es at the ‘middepth a 


the plate. The twisting shears which develop the parc make variable | 
angles with the principal strain far different from 45° as given by the author. 


Warping of the plate generates: twisting couples about the axis of x, y, and z. 


The sign of the twisting couples changes at the point: of contraflexure and at 


_ Shears and Principal Stresses in Beam Action. Sites hen a load i is placed or 


a simply supported beam, the beam bends down under the load. The — 
-_ fibers are shortened and the bottom fibers are stretched, causing a trapezoidal © 


distortion on the vertical { face ¢ of the beam The reaction of these positive 


Center Line of 


Column Line 


and negative deformations causes shearing stresses in the material as illustrated 

by the deportment of two planks of the same length, one on top of the other, ; 
& the ends in vertical planes. _ As the planks bend under the load, the lower 
corners of the upper plank slide by the upper corners of the lower plank; and, 
when a arranged i in this way, the combined stiffness and load. capacity is that of 
two planks. $ If, instead of allowing the planks: to slide one upon the « other, 
_ they are re glued together, the strength i is then ec equal to that of four. single p planks 
4 and the stiffness is increased to that of eight single ae sliding the one | on 


Tur lasticity, Structure a and Strength of. Materials Used i in n Engineering eeeeneneeadl 
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ON STRAINS, AND SHEAR 


not so glued together. This shear causes rhombic distortion, , which, 

ina simply-supported beam, increases from zero at the center to a meaximem 
at the end and, beam, increases from the center to the point of 

= ‘decreasing from that point to zero at the support. eran 

The vertical cross section at midspan i is the critical section resisting hori- | 

| er elongation of bending, whereas the horizontal longitudinal cross section 

at middepth Tesists the horizontal shearing stress. Because the latter cross 
cans is far greater in area than the former, the deflection from the shear 


Bont is | greater than twelve times the depth that it is seaaedialts in the c common 


or approximate theory of flexure. 
‘The building codes of all North American cities recognize three kinds of 
beam failure: (1) Compression failure caused by crushing the top fibers under 
- maximum moment; (2) tension failure caused by breaking the bottom fibers 
in tension; and (3) shear failure caused by combination of rhombic and trape- 
zoidal shear strains. The latter are measured by the sharpness of curvature. — 
sd For safety, building codes provide limiting fiber stresses for tension and 
i compression, and safeguard against shear failure by specifying fixed limits for 
the value of the quantity, external shear force, divided by the area of the beam 
-atthesupport. 
a Thus, by ‘observation, building code authors recognize shear failure in nbeam 
_ resistance and are a step in advance of Mr. Woodard’s thesis. However, the 
safeguard which the building codes provide against shear failure is founded on 


complacent ignorance as to the locus of greatest strain; also there is i 


the distribution of load and the restraint at the support. sO 


In treating nonhomogenous concrete by the same theory : as a 
material, ‘Mr. Woodard falls into an interesting error. The neutral plane of 
homogenous” and concrete beams” is the locus of consecutive states of right 
- shearing: stress, functioning | as centers of rotation for each elemental section. 
Incidentally, in the homogenous beam, this locus: is where tension | and com- — 
- pression balance, and principal tension and « ‘compression make angles of 45° 
with» the plane. Otherwise, the locus is in the reinforced concrete “beam, 
: “because the tension of the steel at the bottom equilibrates the compression in 
_ the concrete by bond shear at the surface of the steel, instead of at the neutral - 
plane. As a result, the states of — shearing stress as centers of rotation in 
the neutral plane : are twisted 22.5°% from their position in the homogenous © 
beam. Consequently, the principal compression and horizontal shear intersect 
the ne neutral plane : at 22.5°, and the curve of vertical shear and principal tension 
intersects that | plane at 67.5°.. Therefore, elastic deflection of the concrete 


beam i increases more rapidly en the load, | because the neutral plane is com- 


_-—-s- 0 “Elasticity, Structure and Strength of Materials Used in Engineering Construction,” by C. A. Pz 
_ Turner, Pt. 1, pp. 166-167, 
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Mr. Woodard’ s treatment of torsion of a shaft i is erroneous. The torsional 

moment is coordinated readily with the shear stress on a transverse section 


without reference to tension or compression in in the material . The r-rel 


| summation precludes » the possibility of coordinating the torsional moment 

. with their reactions. — Ona a round shaft a neutral cylinder™ (radius, 0.7071 r) 
‘is developed, on on w which every every , element is under no ) strain; but inside this ‘eylinder 
every fiber parallel to the axis is stretched, and outside it every fiber is com- 

pressed. In the cross section all radial lines are under ‘compression, increasing — 
from the e outer fiber to the axis; ; and all circular lines are under tension, which hich 
_is at a maximum at the outer fiber and decreases toward the axis. Pure shear 
on the cross-sectional area . has the same unit intensity from the axis to the 
surface. The spiral tensions and compressions on the surface of the shaft and 
each annular -eylinder within intersect the cross section of pure shear at 45° 
_ only at the neutral cylinder. Their obliquity changes from 45° as radically 
‘ as. the twisting shears i in the plate problem of Fig. 12. a an — 


of the reaction of tensile and compressive stresses th the 


W. Hueearns,® Esq." —Although th the writer cannot agree | with the 
= suggestions presented i in this paper, he feels that its publication i is certain to 
| fulfil a useful purpose, if only by stirring up further discussion of this most : 
important problem. © The importance of this subject does not appear to be > 
-tealized fully by engineers: in general. The truth of this statement will be . 
apparent to any one who studies any of the modern specifications for allowable ; 
_ stress. So far as the writer is aware, no specification attempts to outline a any 
- procedure | which may be followed in determining safe stresses i in cases of com- 
bined stress. The same stress, which is considered safe in the case of pu pure e ten- 
sion also may be used in designs in which a complex state of stress exists, pro- 
vided only that the maximum principal stress does not exceed the specified 
— value for ‘pure tension. = Numerous tests, ‘such as bree published i in 


‘inaccuracy of this procedure. 


Any suggestion for changing the standard nomenclature 0 of mechanics of | BY. 4 
‘Materials is certain to lead to nothing but confusion. It has been accepted — _ 
generally that the term “ ‘stress” shall apply to true forces and that ‘ ‘strain” my of ; 
‘shall apply to true use of the term “stress” to define | some 


artificial quantity, which is always proportional to strain, is not advisable as 1 
“Elasticity, Structure and Strength of Materials Used in Engineering Construction,” Cc. A. 

“Applied Mechanics,” by W. J. M. Rankine, Arts. 320-321 pp. 353-355. 


“Elasticity, Structure and Strength Used in by 
‘Turner, Pt. 1, pp. 230-251. 


Asst. Prof. of Civ. Eas. Univ. of 
Received by the Secretary July 6,1943. 
of Materials,” by John Edward Arnold & Co., 1938, 3d Ea, p +» Pp. . 85-06 
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‘rl ON STRAINS, STRESSES, AND SHEAR Discussions 
the same —_  inight be attained just as well by setting an upper allowable 


limit on strain rather than on stress, 


ey The author. states that there is no need to consider “an imaginary and 

Bescon thing called shear stress” in obtaining an answer to the question 
of how shear is resisted. He maintains that stresses are limited to tensile and 

¥ compressive stresses. This hypothesis does not give a very satisfactory inter- 
pretation | of the cup-cone type of failure which occurs in tension test pieces of 
mild steel, in w rhich the effect of the ends would not appear to have any con- 


siderable effect on the ty pe e of failure, provided that the length of the reduced- 
area large. final is of a shear type 


a certain stage in ‘the loading, the co- 
hesive resistance of the middle part of the bar is overcome, causing a crack 


the brittle type, but, at the same time, yielding by sliding continues “near the 


surface and the final sliding fracture occurs near the boundary.” 


- — of Materials,” * by S. Timoshenko, Pt. II, 2d Ed., 1941, pp. 418-421. — a 
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Discussion 
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MEssRs. ROBERT O. JAMESON, AND L. J. “MENSCH 


| a — Q. Jameson,® M. Am. Soc. C. E. **— Although the subject of beams 


on | elastic foundations has been treated at some length by other a authors, 6.7 
‘Mr. Benscoter has simplified the ne of this special case greatly by u use of 
moment distribution. presented should prove 


— 


| 


+ v) sin; cosh + (u 2) 


—" (v — u) sin = cosh Ft (u + v) cos x sinh 5 x 
Some designers prefer | to plot tw 0 moment curves for a restrained beam: 

i representing positive moments due to vertical loads on the simply: sup- 


ore beam, ‘and the other showing negative. ‘moments: due to restraint at 


wn -—This paper by Stanley U. Benscoter, Jun. Am. Soc. C. E., + Was semaine in oes 1943, Pro- 
ceedings. 
Care, be 8. Engrs., Div., Dallas, Tex. 


os ‘Strength of Materials,” by S. Timoshenko, Pt. IL2 2 


News-Record, Vol. 93, p. 881 (letter to the editor Ww. Pantke). 
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ofa) 


= 


Values. 


—Posrrive Moment Factors: 


5 38 is used i in Sag the positive 


= 
Tse 
ends of the beam. The equations 
Substituting Eq. 37 in Eq. 360, Va 

— | 
— 

— ; | Weel 4a 
8. | 

— lotted in Fig. ¥. 
‘moments on the bea . 36b, 


in which 


Eq 10c. - The moments due to ‘end restraint , only can be determined by Eq. ing 


FAAS 
ph 


TOONS 
NS 


Values of = 


= 
example in Fig. 10) in the paper is solved by use of 38 a1 an 
Mig. 9 as follows: = 1.74; 2 = 0; A= = 11.5; C, = 0.343 9); and 
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| Substituting Eq. 40 in Eq. 36d Pane 

— 

) 

— 

— 

— 

e | — 

— 

— 

Again, for = are 

) 


ow! 7 7(b 


L Eq. 41 and Fig. are used, 
thus: = 1. M, gal 0.306;and— ™ 


: Mo = 0.306 X 149 = — 45.6 ow 

+Mp (from Fig. 7(a)) = + be 

(net). =-+ “33 3 st 
a 
Also, a = 1.74; x =; D(x) = 0.673; and— oof 
= 0.673 X 149 = 


For the example shi shown in Fi ig. g.8, the ¢ center moment (for a= ,; C; 0.248 ; 


D(x) = 0.144 1d = 2) is 


= 0.288 x12 X2 = 


net) 


MENSCH, M. Am. § Soc. C. *—Maiy a mathematicians 
w ar on the peekien presented in this paper, and all of them have based 
their analyses ¢ on the assumption that Eq. 13 holds true. _ Any ‘experienced 
engineer w ho seriously - reflects on the requirements | in such a case | or ‘makes 
the simplest kind of experiment with a card or w ooden board must predict t that 

this assumption plainly is not feasible ‘except in rare instances. It did not 
apply i in the case of a rail supported by ties as treated by the e late A A. N. Talbot,” . | 
-Past- President and Hon. M., Am. Soc. C. E., although the error was probably . 
less than 25%. Frost action. will make unsteady and reduce its value to 
possibly 30 to 50 lb per cuin. The mathematics are valid enough, but they 


_ Eq. 12 means neither more nor less than 1 that the intensity of the forces 


acting on the slab per per unit length equals" w. It is identical with the funds- 
mental equation of flexure in elementary tex textbooks: 

= 


the computer ‘can make a guess at its the problem | can 
4 be solved easily by simple mathematics familiar to busy structural engineers. 

- The writer has shown elsew here!® that the distribution of w can be assumed as 
° —_— in I Fig. ‘11(a) and that the deflection of the slabs will be approximately 


as in Figs. 11(b) and 11(c), , and as Fig. In most 


Received by the Secretary July 14, “1943. 
Progress Report of the Special Committee to Report on on in Track, Transactions, 
Am. Soc. C. E., Vol. LXXXII (1918), p. 1207, 
10 ‘Joints for Concrete Pavements,”’ by L. J. Mensch, >, 1935. | 
Transactions, Am. C. E., 103 (1938), p. 1148.00 
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Ds the slab w ill rise from contact with tl ‘the soil i in the central part, which 
makes Eq. 13 invalid. 


The design of a water channel or large tank is by no means as — as 
3 would appear from the paper, ‘and serious mishaps with such structures shave | 
been encountered by engineers of 
in the Profession. The 
engineer, experienced in this type 
7 of structures, will attack the prob- 


lem in the author “Tlusteative 


1. He will ask himself” what a 
heavy rainstorm of 2- in. to 6-in. 

precipitation in in many hours 
— will do to th the structure w vhich is 
being « constructed. Will the banks 
eave in at one or both sides of 
the channel at various places and 
trap. the water so that an uplift 


is is produced w may 8 shove 4 


> it up and it? 

| gry 
i ‘This phase of the project alone 
1 will im involve quite some study and 
t 2 Suppose that the > engineer is in a position to guard his structure against 
t a highwater level not exceeding 15 ft above the subgrade. Then the base slab 
, will have to be strong enough to withstand the moment of 148 ft-kips mentioned 
y by the author, as the water pressure will just balance the w eight of the structure. — 
0 : * ‘Let it be now assumed that conditions are favorable and no hydraulic. 
y ; uplift has to be taken i in consideration and that the engineer, induced by the 
| paper, will proceed to to investigate | the stresses in the base slab due to the wall | ; 
es = alone. . He or his as assistants Ww ill not have the time or patience to check the 


mathematics of the paper, er, especially i in the absence of an: any y bibliography o onthis 
subject, and instead likely will make a a simple t test by laying a thin ruler about 

1 ft long with the flat side on the | pages of an open book and by pressing the 
ends down with a force of about 20 lb. They will notice a pronounced ie 


3) 

- q pression near the ends and a slight tendency of lifting up at the middle. Con- 

an 

rs 


ald 


sidering that it is practice to cantilever the slab bey ond the wall 


slab. 2 as s shown n in Fig. 12. werd 
t They r may assume the line ED as a common parabola; line AE equals Zq in in 

the author’s nomenclature and, following the author’s idea, they will assume | 

the soil pressure, w, proportionate to the ordinates of the parabola | on the 
length. AD. The length of the half slab AC will be loaded by the uniform dead a 
load of 375 Ib per sq ft, the weight of the wall is 12,400 lb per lin ft; one there- 


fore « one can write, for the vertical loads—12,400 + 26 X 375 = 3 wa X 16, 


Wa = = ,070 Ib per sq ft or 14.4 Ib per in in. 


7 
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BASE SLAB. 


The moments in the debi can be found d by simple st = 22, 150 pr 
x (26 ft — X 16 ft) — 12,400 x 22 ‘ft — 375 = 43, 3,000 du 


at bottom). The maximum negative moment will be pany at the section 


where the shear is zero; it is considerably smaller than the positive | moment. ae 
The point C’ closely approaches the point we 
ba 


16'= 


Fie. 12 


.-.. radical change will be found when the line of deflection i is assumed : 


denial or r tank for actual service gree telly for the wall backfilled, 
and for the structure filled with water (in this example assumed to be toa height 
of 25 ft). W hen hydraulic u uplift is not encountered, it is not economical in a 
_ structure of considerable width (sometimes several hundred feet wide) to make — 
= base slab of uniform thickness, and, , in order to avoid the use of piles i in 
- ground of medium ca carrying eunaiie, the experienced en engineer ‘most likely will 
assume the base slab to cantilever 4 ft beyond th the wall and will make it it 30 i in. 
thick for only about 10 ft inside | the : structure. Hew will make the remaining 
slab only about 6 in., or perhaps 8 in., thick, and will connect it with the thicker 
part bya a well- -designed metal) water stop, as shown in Fig. 13. The engineer 
is now confronted with a number of decisions before he can proportion the — 
foundation slab of this structure, What assumption shall be made fortheearth 
pressure acting on the w wall? Shall he assume the customary value of 15 H? for 
the . pressure per linear foot of wall, and the e moment : about the base as 5 H*, 
is the moment of 4 H* a better guess? 


_ all Some engineers, ‘who have : seen shrinkage cracks develop in backfills near 
the wall after heavy rains, claim that the earth pressure should not be counted — - 


upon to ) relieve the pressure on the | wall ll from: the wate water on the in: inside. Others 
go as far as to say that colloidal tension may exert a a pull on the wall that will 
increase the effect of the water pressure. Others have observed considerable 
_ deflections in concrete walls, not tied on the top, and claim that passive earth 
"pressure should be taken into account. . ‘When the backfill consists of good 
4 “material, such as sand, gravel, stone, and slag, and is thoroughly rolled | 


200 e top to develop a 
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_ pressure about four times the active pressure, whereas when the fill simply is 
- from cars or grab buckets, it will take a movement of — ‘-_* ° i00 
develop the aforementioned passive pressure. The mented given take ae 
: account time loading. Su Suppose the decision has | been made that the combined — 


| Ser and earth pressure | on the wall exerts a moment of 80,000 ft- Ib at the 


800 000 Ft Lb. 


“Water Stop 


|The st sum of all vertical on on ‘the teconsteitien will be 12, 400 + 375 X 18 
| +1,550 X 10 = 34, 650 lb and the ideal distributed soil pressure —— 
‘lb per sq ft. ‘The pe pressure will be modified by the moment acting at the base 


of - the foundation slab: 80. ,000 + 12,400 X 3 — 15,500 X 4 = 55,200 ft-lb- 

“which produces an ideal plus-and-minus stress of —-——> 7x18 ~ =1 022 Ib per sq ft, 


or the soil ‘pressure a at AU = 2,947 Ib per sq ft ft and Ae at D= : 903 Ib per sq ft. -_ 
‘The differential pressure of 2 000 Ib per sq | ft will tilt the e base : about 0. 14 in, 
- for a soil modulus of 100 which will result in a horizontal movement of the | top 


of the wall of about } in. The elastic deformation of the wall will increase this 
in, OF which will bring into action part of the 


‘ens of the water (diminished by the earth pressure) ‘will cause a , sliding of 
- the foundations, as shown in Fig. 13. This outward pressure has been assumed | 
at about 10, 000 lb per lin ft, whereas t the — on the foundation slab i is 34,650 — 
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"neers do not allow mor more t 02 2 as coefficient of frietion on wet clay. 
will be e necessary to r run reinforcing steel from the 30-in. slab into the thin nw? 
across the contraction joint, a practice that many engineers condemn but that 


has been used on some of the largest and most 1 most successful reservoirs built i in the © 
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OF CIVIL ENGINEERS 


DISCUSSIONS” 
ION OF | UNDISTURBED SAMPLING | 


“TO LABORATORY 7 TESTING 
“Discussion 


= 


=. 
‘By Dz M. BuRMISTER 


D.M BURMISTER, 10 Assoc. ‘M. Am. Soc. C. E. extent to which the 
strength properties of clay may be affected by disturbance during sampling 
is treated in this worth-while contribution to soil mechanics. _ The author has” 


suggested fairly reliable methods | for determining whether sample 


the curves and data presented, on 1 which the writer wishes to comment. a 
‘The e consolidation curve CPi, for example, in Fig. 3 represents a a relatively 
— undisturbed sample, which possesses | the greater part of its natural structure 
at the preconsolidation pressure of approximately 0.5 kg per sq em. This 
natural structure, which is the source of the strength of the clay, may be that 
visualized by Professor Casagrande ad that due to physicochemical processes, 
as believed by Professor Terzaghi. The » maximum effect of disturbance, 
Tesulting from a complete remolding of the material at approximately con stant 
moisture content, ‘is show n by the vertical decrease i in void ratio under constant _ 
"pressure (0.5 kg per sq 1 em) to curve CP3. The vertical void-ratio intercept 
- Tepresents the change in void ratio (and hence settlement) required before 
: equilibrium can be achieved under the same pressure, as a result of complete — : 
disturbance. > The remolded material now possesses an entirely different type 
of structure, wl] hich involves a . complete breakdown i in the natural bonds between 7 


grains. The structure is characterized by a homogeneous, dispersed state of 
the “remolded structure. ” The void ratio at any given pressure, _ which is. 
“consistent with this structure at the “equilibrium condition, is much smaller 
than for the undisturbed material. _ Therefore, having re reached equilibrium — 
under t this pressure at a smaller void ratio, the material will compress less in : 


-~ — —This paper by P. C. Rutledge, Assoc. M. Am. Soe. C. E., was published in November, 1942, 
Proceedings. - Discussion on this paper has appeared in Proceedings, as follows: December, 1942, by Messrs. 
Benjamin K. Hough, Jr., and F. M. Van Auken; March, 1943, by Jacob Feld, M. Am. Soc. C. E.; April, 
1943, by Messrs. Raymond F. Dawson, and Hamilton Gray; and June, 1943, by Messrs. Karl Terzaghi, 


Asst, Prof., Civ. Eng., Columbia Univ., New Y York, N. Ye 
Received by the Secretary August 2, 2, 1943. 
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the next load increment than does the undisturbed material. 8" ai 

the consolidation curves for the undisturbed and remolded clays must always 

intersect at § some pressure (40 to 50 kg per sq cm n in this case), as shown in the 
upper part of Fig. 4, where the curves for this material are reproduced. © 7 ‘The 7 


magnitude of this pressure de depends primarily on the mineralogical character 

The vertical i intercept between consolidation curves for the undisturbed and 

_ remolded clay at the preconsolidation pressure is one important physical 
—— d measure of the natural structure the clay possesses, and indicates the maximum 
effect of complete disturbance. — It i is to be noted that, at t higher pressures, 

_ structure becomes less important and the effect of. disturbance i is less. This 
indicates that structure is more important for clays consolidated under rela- 
tively light loads, and that the effect of disturbance | during sa: sampling | on the 

consolidation properties i is likely to be greater than for clays consolidated under 


tat he ain nr 


Tt is believed that the consolidation curves intersect, not because the un- : 


the compression phenomena occurs ; for the given es (at least, laboratory 
consolidation phenomena). Curvature of the compression curve on a semi-— ‘ 
logarithmic plot, therefore, is not necessarily an indication of minimum dis- 
turbance of the clay. in the first stage of consolidation, the loose open 
structure and the chains of clay grains have been compressed in a vertical 
direction only, a: and possibly have been folded down t upon each other, with some 
disturbance to the bonds, to form a structure under i increasing pressure con-— 
sistent with the void ratio, but still characteristic in form. — No such pred ll 
remolding can possibly occur as sa result of disturbance by compression which 
will cause the material to assume the dispersed remolded structure. - During 
_ compression the remolded clay has also acquired | structural - bonds between 
grains (thixotropic effects). Beyond the intersection of the curves, the struc- 
ture of the undisturbed and remolded clay has approximately identical effects 
upon compression, which takes Place approximately along the flatter slope of 


This phenomenon is clearly evident in the case of the Mexico City | clay in 
be) ‘Figs. 5(a) and 1 5(6), where a . break in the consolidation | curve for the undis- 
op _ turbed clay occurs in the : region of 5 kg per sq cm, and thereafter follows vs 
* approximately along the curve of the remolded clay. The writer has observed 
such curvature in the consolidation curves of many different types. of clays, 
the break occurring more frequently under rather low pressures for soft organic — 7 
clays. - This curvature or break in the slope of the compression curve of 


undisturbed clays is only one of several stages in the ultimate consolidation of — 


soft clay deposits to shale. ‘These ‘Stages are evident only on the semiloga- 
rithmic plot of void ratio against p pressure. 


_ Another point that. should be mentioned is that disturbance to the e natural 
= rca tends to make the clay less pcegge and hence also tends to make 
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- therefore, will be more Tapid than the estimates. thee effect of disturbance 


The writer h has used | a a “Control Test Method” as an aid in selecting the least 


averages for soil properties to be used in settlement and stability investigations. 


‘specimens trimmed from the Tha disturbed central aes of the nw 
Tt) has been observed that the compressive strength of specimens, using speci- 
| mens the full diameter of the ‘sample (3-in. . sampler or 2-in. seamless -o@ 
was 50% to 75% of the strength of small specimens obtained — by trimming 
- away the circumferential disturbed material. _ The ratio of the unconfined com- 
pressive strength, remolded to undisturbed, is used as a measure of the quality 
of) the sample. This strength ratio should be less than some fraction, which 
is determined and revised as the testing progresses, For clays: ‘consolidated 
: under light pressures, the ratio may be as low as § $ to yy, or r less, depending on 
the character of the clay, but may be only 3 for clays we consolidated under 
high pressures. How ever, this criterion alone i is usually not sufficient, because 
- its significance va: varies with the character of the « clay. . Frequently, the , variations 
observed in the horizontal direction in the character of the clay of a given 2 = 
stratum are: considerably less than those normally found in the vertical direction 
in this same stratum, due to changes in the geological and sedimentation 
conditions as t the deposit was formed. _ 
-_ It has been observed frequently that the liquid limit, as a valuable m measure 
of the character of the clay, ‘increases: consistently with depth, with a corre 


| | is sponding i increase in the compression | index i in n the ¢ consolidation test pg steeper 


in the unconfined compressive strength and 1 strength ratio, which may or may 
= be consistent. Top provide a a suitable and fairly reliable basis for judging — 
the quality of the clays for the purpose of selecting test results and computing _ 
averages of properties from samples, which are judged to have suffered the least 
_ disturbance and to be most representative of subsurface con conditions, the e charac 
_ teristics of the clay must be studied. Diagrams of soil properties are extremely ~ 
tal for this purpose, , and form a valuable part of any report of Ln 
‘ or or stability investigations. The diagrams should show the following: 


(1) ‘The variation with depth of the unconfined compressive strength, 


8) strength ratio (remolded to undisturbed), moisture content, liquid om: and 
ic lee test properties, if considered pertinent to the problem. wage oe 
of | —: The relationship between moisture content as a common argument 
of = these same properties, in order to indicate the range of materials en- 
countered and the characteristics of each type. 
' _ The writer - believes that the triaxial compression test offers gre 


possi- 
ties for the future than any ny other ‘method of determining the shearing 
of soils. However, a direct et application of test results cannot t always 
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cannot be detected in the form of the time-consolidation curves. 
the viewpoint of the application of the results of laboratory tests, 
the of laboratory analyses is to furnish suitable representative 
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URMISTER ON UNDISTURBED 
of clays, because of testing diffioultis, but primarily 
because engineers do po know what the lateral pressures are in different t types 
of deposits i in nature and how they vary as the foundation loads are increased 
from zero to their ultimate value. In the unconfined compression test, 
known lateral restraints also exist, the magnitudes of which depend on the 
a capillary pressure - developed and the expansive properties of the clay at the 
- _preconsolidation pressure. These lateral forces probably are quite different 
7 from those existing in the deposit, being isotropic in character and also probably 
_ varying in magnitude as the vertical pressure is increased during the test. 
The i issue has been merely side- -stepped i in this case. It is believed that curva- 
_ ture of the st stress- ‘Strain curve in the first 20% of the unconfined compressive 
strength i is not necessarily an indication of disturbance for clays. consolidated 
under light loads and with h compressive strength less than about 0 0.5 5 kg per sq 


cm, because of the variation in the magnitude of the lateral | pressures that : may 
be e developed as loading progresses. 


The fact that clays consolidate during triaxial compression tests should not 
be considered as a disadvantage of the test. This must be accepted as the 
normal phenomenon of clays, w hich are in a natural state of consolidation under 

their present overburden pressure. : The primary problems are to reestablish 
= natural state of stress on the sample that existed i in the deposit, and then 
to increase the stresses on the s specimen in such a manner as to resemble those 
_ imposed on the actual material i in 1 place. Although the he preconsolidation pres- 
sure determined bya consolidation test may fairly represent the natural vertical 
stress conditions, the lateral pressure may be of the order of 50% to 75% « of 
this value, depending on the type of clay and the geological and load history 
of the deposit. it may be possible to obtain some approximate information on 
the natural pressure ratio—vertical to lateral—from careful measurements of 
the stresses set up in the consolidation ring after equilibrium has neaee reached 
~ each pressure increment in the consolidation test. 
a ‘The important question is: Are the final results the same and are they | 


qually representative for the following test procedures? ae ee 


di (@) The clay specimen is preconsolidated by suitable increments under an 
-all- -around pressure, 3, equal to some fraction 0 of the vertical preconsolidation 
pressure. The vertical stress is then increased until failure occurs. Po a 
The clay specimen is preconsolidated by suitable increments, maintain-— 
i ing some constant stress ratio, 1/03, until o; becomes ¢ equal to the vertical pre- 
consolidation pressure. Thereafter, the vertical stress is increased until me 


In either | case, to simulate rapid failure conditions in a thick clay deposit, 
a 1 slow triaxial | compression test should be run as a closed system with measure- 
Pl ment of pore . water pressures as the vertical stress is increased to failure. 

‘If ‘Special « care is taken in setting up the test and running it, and a balanced 
pressure system is used for measuring p pore water pressures at the top and 
bottom the ‘specimen, fairly may be obtained on 
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the natural strength properties. is ions that the triaxial 
- compression test can never be reduced to the simple » testing procedure an and. 
method of interpretation used i in ey unconfined on test, and i in this 


structures that should dcteruien the relative re reliability ‘of any y test mike. : 
Professor Rutledge has presented a very timely paper on this subject and 
has opened up a valuable field for further research. re 
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DISCUSSIONS 


LAND DURING FLOOD ‘PERIODS. 


Discussion 


By MEssrs. KAZMANN, AND G. Hoyt 


A DW. LANGBEIN 


RAPHAEL G. Kazmann;! 2 Jun. Am. Soc. C. E. 120_The presented 
by Mr. Horner i isa valuable addition to quantitative hydrology. 4 _ Nevertheless, 
it should be p pointed out , that, throughout , the paper, there is a . misleading use 
of the word “porosity. ” The porosity of a material ; is no indication of its 
ability to transmit water through its interstices. The ability of a material to 


function as a “ “conduit” for the transmission of water generally i is known sal 


As | by the Geological Survey, U. Department of the 


Qs! 


bo 


- flow of water, in gallons per + day, through a ‘a cross-sectional area ea of 1 sq ft under 


a hydraulic gradient of 100% at a temperature of 60° F. Wiarey aay) 
The of water-bearing materials bear little relationship to their 

permeabilities. is illustrated by. Table adapted from. Water-Supply 
Papers Nos. 596- and 8879.4 of the Geological Survey. Table 7 demonstrates 

that the water- -transmitting properties of materials generally are not related 

ae to their porosities. 7 The materials listed in Table 7 were obtained in 
various sections of the he country and at various s depths t below the land ‘surface. 

The ec coefficients of permeability were determined in the laboratory by passing 
water through samples of the material by means of techniques which : are de- | 


scribed i in detail i in Weter- Supply Paper 1 N 0. 887. 15 wend may t be concluded, t there- 


by the term permeability, or by another term expressing the same concept. al | 


_ Norse.—This paper by W. W. Horner, M. Am. Soc. C. E., was published in May, 1943, Proceedings. | 
F _ Discussion on this paper has appeared in Proceedings, as follows: June, 1943, by L. K. Sherman, M. Am. | 


12 Asst. Hydr. Engr., Ground Water Div., U.S. Geological Survey Survey, Washington, C. 
Received by the Secretary June 9,19438. 
18“ZLaboratory Tests on Physical Properties of Water-Bearing Materials,” N. We 
Supply Paper No. 596-F, U. 8. Geological Survey, 1928, pp. 164-169. 
“Methods for Determining Permeability of Water-Bearing Materials,” by. L. ‘Wenzel, Wate 
Supply Paper No. 887, U. 8. Survey, 1942, pp. 13-14. 
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we 
Debi Mr. Horner’ s paper could be strengthened by including a treat- 
a ment of the movement of ground water. In dealing with the problem of sub- | 
y surface retention and detention, there is no reference to the rise and fall of - 
_ the water table during or r following any of the storms; nor does — 


TABLE 7.—PorosITIES AND PERMEABILITIES OF Warter-BEARING 


Description of Porosity Coefficient of || Description of Porosity Coefficient a 
material (%) permeability material (%) permeability 
aM | ® | @) | | 
‘Terrace 23.6 | 1,230 || Glacial gravel. . 
- Gravel mixed with some veri Washed gravel 
29.3 
29:7 


> 


gravel, coarse sand 
mixed with clay balls. . . (37.0 
7, 


d | appear to have been made to obtain data of this sort. An analysis of such ioe B. 
sf would have been a valuable product of the investigation, since any major addi- 

fon to subsurface detention would have an appreciable effect on both flood” 
ts flows and normal flows into streams. 


_W. G. Hoyt,’ M. Am. Soc. C. E., AND W. B. LaNGBEIN,”” Assoc. Au 
Soc. C. E. 170_With the passage of the Flood Control Act of June 22, 1936, a 


he bligation wa was imposed on the engineering and associated professions to 
‘of [— mine the magnitude of reduction in flood stages and discharges that could be 
ho feels through changes in land use. The author describes a a technique for 
— ‘evaluating: the réle of land during flood periods with no snow or ice, and limited 


ly “Infiltration capacity is small to moderate * * * and stream-channel inflow 
q ‘ja predominantly as surface runoff,” a situation which the author indicated 
« “applied quite widely to cultivated and grass lands. | 
Through the use of infiltration- capacity curves — for small experimental 
catchment areas, “homogeneous i in soil, cover, and cultural treatment, surface _ 
“runoff volumes as the result of changes i in land use are determined, and finally 
the runoff volumes" are translated into river stages and discharges. ‘Tot the 


extent that flood rises caused by rain are a of surface runoff only and 


areas where (see heading, “Part I.—Introduction: Engineering 


and * ‘in their proper position o on the rainfall patterns,” the method 
enables one to evaluate a reduction in surface runoff through changes in land — 
use. Such quantitative determinations are necessary if the feasibility of flood © 
control through treatment of land is to be evaluated. 


ae _ Flood control operations of any nature i involve the expenditure of millions 


of dollars, and it is essential that the « baad of control to be effected should be 


Geological Survey, Washington, D. C. 
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_ well demonstrated. ‘The hydraulies of ‘flood ‘control through the use of engi 

neering structures can be evaluated by verifiable and comparatively well- 
founded technical processes. — The evaluation of the hydraulics of land use 
during flood periods is ; accomplished by techniques that are quite complex 
and speculative. - _ This s is true | because of (1) a lack of basic knowledge | concern- 
ing the land phase of runoff, (2) wide variations in infiltration capacity y and 
other hydrologic conditions within a drainage basin, and (3) a lack of demon- 


strated beneficial change i in flood-runoff régime of : any large stream because of 
- The author attempts to supply t the first deficiency and is to be con; congratulated 
for breaking down'* the process by w hich rainfall is translated into runoff, for 
outlining the manner in which meager observational data ‘may | be used to give 
quantitative ve expression to the factors involved, for computing the runoff for 
a typical drainage basin in Texas in ac accordance with ¢ the concepts outlined, 
and for comparing it storm by storm with the measured volumes and rates, z 
This comparison between ween computed an and observed results may be necessary, — 
but is it sufficient to pre ‘prove the correctness of the postulates? The = 


relations - may furnish good empirical working tools, but the writers suggest 
that other postulates may ‘evolve equally good checks. 
. The ‘author presents curves of infiltration capacity for soils typical of the 
Texas E Blacklands that show marked differences in position, and, therefore, for 
ay given ‘rainfall pattern: n and antecedent conditions, j in sur- 
face runoff T for different kinds of land use These curves are based on measure- 
Z ments of runoff on small homogeneous catchment areas at the Waco watershed 
= the Garland Runoff Studies Project. There i is no reason to believe that 
these curves do not reflect the qualitative effects of cover on 1 the surface runoff 
of the small homogeneous areas for which they w ere derived. — _ There is nothing 
in the ‘Teport, however, to demonstrate that a river such as. the Trinity River 
would respond to ) changes in land use in the e same way as as the small homogeneous 
plots. Thus, although the author has devised a technique which will show 
quantitative difference in surface runoff (the immediate task: before. him), 
there is still lacking a process” for evaluating the effect of land- -use change 01 on 


flood stages and flows: w is not open to considerable doubt. 


on the ‘of ‘Gnfiltration capacity,” arrived at, as it is, in- 
oer through the measurement of surface runoff on small experimental areas 


a in a procedure designed to simulate flood rises s from large natural drainage 


basins under assumed combinations of land use. ok iv 


In so far as the engineering technique is concerned and as the author quite 

* arly implies, an expanded title for the paper might well read, “ Réle of the 

nd During Flood Periods in Those Areas Where Infiltration Capacity Is 
Low to Moderate, Where Infiltrated Water Does Not Appear in the Stream as 
~‘Quick- Subsurface Return Flow,” and Only During Periods of No Snow, Ice, 

or Frost.” _ These restrictions in the use of the technique i impose quite gd 
limits on described procedures from the viewpoint of practical application to 


See also “Hydrology,” Physics of the Earth—IX, edited by Oscar E. Meinzer, McGraw-Hill 
Book Inc., New York, N. pp. 9. 507-518,” 
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general flood prob when — They do not necessarily detract from the author’ s 
conclusion with respect to the East Fork of the Trinity River | provided that. 
7 its basin characteristics can be definitely determined to be such that the fore- 
going limitations apply. _ Apparent y, at one time, conditions in the Trinity 
River basin were such that the author’s technique would not apply. It is 
stated in the final | report on the Trinity River watershed 


7 “There is ‘evidence that | floods occurred on the Trinity before settle- 


ment but they were vastly different from the present floods. Water rose 
~ and receded so slowly that many streams which are now intermittent then 


‘This description implies an area with large infiltration capacity, much ground- 
water storage, little surface runoff, and a slow release of infiltrated water to the 
stream as sustained flow—conditions that in the main are seemingly y inherent 
toa a basin and not modified so ) materially by human occupation. ated 

The writers know of no simple method to determine, on an areal basis, 


whether subsurface inflow constitutes less than 10% of flood volume. AL 
: though the author may be correct in his assumption that 90% o of the present: 


Beg volume i in the East Fork of the Trinity River is surface runoff, no basic 


total runoff that appeared at Rockwall is assumed by the author to be surface 
runoff. _ The difference between these two amounts (8. 7 in.), except for a few 
flood rises not included and which approximate 0.70 in., is presumed to 0 repre- 
sent all the infiltrated water that reached the stream channel at Rockwall. _ 
) Based on an extensive knowledge of hydrologic conditions at the North 
j Appalachian Experimental Watershed near Coshocton, Ohio, a research project 
the Hydrologic Division, Office of Research, Soil Conservation Service, 
Department of Agriculture, H. S. Riesbol, Assoc. M. Am. Soc. C. E., 
concluded? substantially as follows: Extensive study of ground-water levels, _ 
percolation. ‘rates, hydrograph recessions, and normal ground-water depletion 
curves should lead to dependable and practical knowledge concerning when - 


‘been submitted to prove it. The total runoff” (surface) at 
| Rockwall gaging station for the thirty-five storms, “May 3, 1935, to July : 3, 
1940, as reported in Table 4 is 31.29 in. . The total flow past the Rockwall - 
: gaging station for the same period i is about 40in. In other words, 78% of the 


1 and where infiltrated water joins channel flow as seepage and spring flow from 

_— water tables, temporary zones of saturation, or from deep seepage. 

| No: such basic information is submitted for the Trinity River basin, __ 
“ _ The writers do not question the ac accuracy of the various infiltration- -capacity 
curves shown in Fig. 5 in which infiltration capacity is shown to increase pro- 

= from untreated farm land to well-managed forests. . Through the use _ 
of such 1 a family « of curves under any given rainfall pattern, _computed reduc- 
tions in surface runoff as a result of betterment in cover or land use are obtained. 


Whether or not these computed reductions in surface runoff can he assumed to be _ 7 


aa WH, R. Doc. No. 708, 77th Cong., 2d Session (letter from the Secretary of Agriculture transmitting a 
report of a surv ey of the Trinity River watershed based on an inv estigation authorized by the Flood Control. 
Aspects of Subsurface Water in Hydrologic Research Watersheds,”’ by H. 8. 7 


a Riesbol, Proceedings of the Hydrologic Conference, Pennsylvania State College, State College, June 30 to 
2, 1931, p. 107. 
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to reduction i in the flood runoff of the stream draining the ne particular | 
area, however, seems open to question. The writers believe the author fully 0.21 
understands this situation, but he fails to delineate or give an expression to the | 20 ; 

area where his technique would apply except the broad statement (see Aaa iZ he 


“Part I.—Introduction: Engineering Technique”) that the ‘ ‘situation. applies | 
quite widely to cultivated and grass lands.” It would seem quite the contrary - 


with respect to much o of the cultivated land in 1 the United States since the oe 

_ agriculturist would tend to select, among other factors, soils that combine high ee" 
infiltration capacities with satisfactory moisture- retention properties. The = 
-*y criterion underlying the author’s technique is not so much whether the | -* di 
cover i is cultivated o1 or in grass but rather, the subsurface storage characteristics. 
‘Will the subsurface storage the infiltrated water, or are they of 

r such limited extent that infiltrated ed water passes s into § stream channels where it = ne 
forms a part of the direct flood runoff of all stream rises? 


The author suggests that the ratio betw een observed surface runoff and 


that for five storms the rainfall data were » inadequate » and ichaainie runoff | a 
was used as a guide in the determination of rainfall excess. s. Examination of | - volu 
‘ the author’s unpublished ‘reports on his study a as a s a consultant to the Depart- tT soreta 
ment of Agriculture indicates that the computation of rainfall excess in the — the 
‘ other thirty storms was influenced to a considerable extent by knowledge of — caps 


the U U. S. Geological Survey at Rockwall. > Some of these influences included | righ 
g 

_reinterpretations of the rainfall patterns, adjustments in the po position of in- 

wd  filtration- capacity curves, , and deviation from the seasonal M-curve values. 
Thee correction factor (Col. 6, Table. 4) therefore Teflects the. errors that remain 
after all readily explainable adjustments have been made. It is obvious 
wide departures from observed runoff have been adjusted | in order to arrive 
at a result more closely in conformance with observed runoff. The test is 
~ not the same as would be met by a forecaster who has no knowledge o of the 
runoff to be produced by the storm other than that provided by his working ; 
formulas. If partial advantage is taken of the runoff as it was, why not take 

advantage? The he technique might not be so different. If the author 


wished, he might have continued his adjustments until conformance of com- 
puted and observed runoff was obtained. _ Perhaps a method varying ll ‘inde 


7 the. actual volume of runoff as measured at the gaging x station maintained by 


‘M-curve or other factor to . this end can. can be devised. 7 WwW hether or not the 
-author’s procedure can be considered practicable for ordinary engineering: are 
‘practice will depend on the man- hours involved in its application. - Some idea 
as to the number of man-hours | required to. simulate the thirty-five flood peaks ~ 
examination of Fig. 5 and a study of by which the of 
_ infiltration-capacity. curves was placed on the rainfall graphs suggests that the 
results are highly sensitive to rainfall intensity. Hourly rainfall amounts W ere 
a4 estimated from data so scant as to be almost nonexistent; but, assuming that: 
aes hourly pattern shown in Fig. 5 is correct, minute-to-minute variations in 
necessarily have been neglected. For example, , consider the hour 
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interval, 1p. .m. to 2 p. m., pn which there was 1.56 in. of rainfall: Suppose 
0.20 in. of this amount fell during the first 20 min, 0.52 in. during the middle 
201 min, and 0.84 in. during the last 20 min; then the amount of mass infiltration : 


4 
that prior to rainfall reaching the infiltration capacity w would be i 

7 creased by 0.20 in., and the initial infiltration capacity on curve (1), Fig. 5, : 
would be 0.80 in. y per hour instead of 1.09. The net result would be that the _ 
rainfall excess during this hour would be 1.03 in. for cultivated untreated land 
and 0.91 in. for strip- cropped, both important land classes. The ¢ author’s — 

values are are 1.09 in. and 0.92 in. , respectively. ' It is significant that, by assuming 
_ different rainfall distribution, the computed reduction i in runoff is less. The 
8 author’s difference between the two values is 0. 17 in.; that computed for a a 
- distribution of rainfall assumed by the writers is 0.12 in. _ 
- the effect of any error that would advance the | period of intense rainfall would 


= the computed difference between and “after”; an error that 


would retard the period of intense rainfall would diminish the effect. f 
The report explains the influence of antecedent conditions as they affect 
soil moisture on the infiltration « capacity during a storm. © Increasing the 
volume o of infiltration prior to a storm decreases the capacity of the basin to 
retain water. ' Therefore, under the changed c conditions, to what extent would 
‘the presumed increase in infiltration operate adversely to lower infiltration | 
capacities during subsequent storms? Moreover, are there not economic im-_ 
- plications of the reduction in flood runoff, particularly with respect to the 
‘Tights of | downstream riparian owners or r appropriators? In this particular 
case, using 1 the values ‘given in| Col. 13, Table 4, the 20. 0.4% reduction i in in total 7 
“surface runoff means a reduction of 16% in total stream flow. 
‘The annual runoff in inches at the Rockwall gaging station is greater t than “¢ 
B-wae at other stations in the upper Trinity River basin.” It is much greater 
han at any of the basins at the Waco Experiment Station.2 Does this dif- 
voatiag in annual runoff indicate difference i in land types or land use or does 
Query i is raised as to the use of the term “r ‘regression curves.” Apparently 
this term as used refers to the die-away curves of infiltration ¢ capacity ‘shown | 
Fig. 5. Lines or curves of ‘ ‘regression”’ are statistical terms devised by 
. Sir Francis Galton” to describe lines or curves of best fit | between a single 
7 independent variable and one or more dependent variables. In this sense the 
- dieaway curves of infiltration 1 capacity may be be Tegression ( curves; but, then, so_ 


| ar all the other r empirical lines or curves shown. A more descriptive ive term 
M-curve shows that the s spring season overlaps the adjoining winter 

and summer seasons. This is understandable, but what procedures are used 


to determine which seasonal curve shall govern in a particular condition? | _ 
"Surface Water-Supply of the United States,” Annual Reports, U. 8S. Geological Survey, 1924-1942. 


re UL 22° ‘Hydrologic Data, Blacklands Experimental Watershed, Waco, Tex.,”’ Hydrologic Bulletin No. 2, 

“An to the Theory of of Statistics,” by G. Udny Yule, C. Griffin and Co., Ltd., London, 
in 4, p. 176. 
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‘SLUDGE DRYING DEVELOPMENTS 


"AT CHICAGO, LL. 


shot 

tiliz 

men 

available a a design d data, and he has discussed operating experiences 
- frankly. This procedure gives the complete p picture, and as such will be a great ia sion 
benefit to design n and operating engineers. The Chicago Sanitary District was: | 

_ the pioneer in the he field of sludge drying and d incineration, and its” method of | i <8 
sludge disposal is 1 recognized as a success by sanitary ‘engineers everyw here. a ™ 
a: During 1940, Syapsaed hearth plants dried and incinerated 216, 912 tons of Bac 


are generally ‘for fertilizer ‘only : a small 


| be 


amount was produced onacasual basis, vor 

. a total of 651,869 tons of filter cake equivalent to 155, 155 tons of f drys solids a 

= was disposed of f by drying and incineration in tl the United States during 1940. 
aoa These data do not include the fertilizer production from re rotary drier plants. ee 
Operations at Milw aukee, Wis., will make an impressive addition to this total. | po 

_ The production at Pasadena, Calif., Toledo, Ohio, Dayton, Ohio, and Grand sats 


the total dry-solids production to more than 200,000 
At first glance one may well ask the question, “Ts not this system un- 

necessarily y complicated?” Taking into consideration the necessary functions 


will show that this is not the case. 


First of all, “What is the problem?” The problem is to start wi ith a 


watered: ‘sludge ranging ‘from to 90% , evaporate this 


a8 me ‘moisture, » burn the dry solids remaining, remove the odors and fly ash from 


vk; 


Nore. —This p paper by Lloyd M. Johnson, Esq., appears on on pp. pp. 1015-1023 of this issue of Proceedings. 
___ 2Chf. Engr., Drying and In Incineration Dept., Ray mond Pulv erizer Div., Combustion Eng. Co. 
Received = the Secretary June 28, 1943. 
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The , problem then is to begin with dewatered sludge, « evaporate the moisture, 
remove the odors from the gases discharged to the atmosphere, and transport 
= fertilizer to storage. ~The final products i in this case are | odorless gases a and 
a valuable fertilizer. Thus in producing fertilizer the problem of ash disposal 
is eliminated. For lar ge operations, such as at the West-Southwest works in 
Chicago, this oi an important factor, since dry sludge normally contains at 
least 50% ash. _ Thus, when 300 tons of dry solids are incinerated per day, 
' 150 tons of ash | remain for disposal. _ This as sh is quite abrasive, and the main- 
| 


tenance of a large ash handling system is no small item. ee 


Each installation requires individual study, and economic considerations 
should govern the decision. _ When there is a question regarding fertilizer 


= 
production, the better s ‘solution i is to select a system which can produce fer- 
tilizer or incinerate with | equal efficiency and without reduction i in 1 capacity. ; 


. | “ment of the ne sludge. " Activated sludge, as produced at Chicago and Milw aukee, 
. | a “contains 6% nitrogen, w hereas digested sludge contains : about 2 5% nitrogen. 
This i is. not the entire story, since dry sludge fertilizer is a complicated com- 
- pound; as aside from being an excellent soil conditioner, it has numerous p positive 
fertility values. The Research Department of the Chicago Sanitary District, 
| e through an extensive test program, has proved that its flash- drying system 
a completely destroys all pathogenic organisms in the sludge. vee itis a safe 
To combine the of steam power power generation with drying and 
a incineration is fully j justified for large operations such as at the Southwest — 
7 works. For smaller operations, the combination becomes less attractive, par- 
“ticularly when power is available at reasonable | rates. s. The operation of the 
equipment is essentially automatic and does not constant attention. 
‘Fore example, ‘in one plant serving a an equivalent population of 100 000, one 
“operator supervises vacuum m filters ‘the incinerator with 


cand have a common » operating floor. 
iu q 7 a This s paper mentions abrasion at several pc points in the - flash- drying system. 
"Abrasive action at the points inditated is unavoidable. Experience at the 
“Southwest, works s and all o other plants: indicates that maintenance costs from 7 


- this source are very nominal, especially \ when related to the dry ‘solids ; produc- 
b tin of the plant. : For example, a set of mixer paddles will last from one year _ 7 
F to three y years, a steel _ eyclone lining from one year to five years, and a set of es 
cage bars in the flash drier from one year to three years. | _ These wide varia- — 
q tions in life fe show the effect of silica content of of the sl sludge. | Obviously, it is 


desirable to remove all the silica in grit ‘chambers. 
Mr, Johnson has stressed the problems of the operating staff. This is 


perfectly natural for a front-line officer. To obtain the true perspective, it 
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results” speak for themselves a at the West-Southwest works. “Taking iat ace 


count the fact that this is the largest sewage treatment : and disposal plant in 


Pee Ww orld, , together with | the fact that this is the first time steam power genera- 
tion has been combined with th sludge drying and Annem, Ss accomplish. 


ments reported i in this paper a are amazingly good. 
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“STABLE ¢ CHAN 


RS. J. M. ROBERTSON, AND JOE W. JOHNSON 


AROUND 1 BENDS IN- 


peu M. A. SELIM 


. M. Ropertson, 15 JUN. ‘Am. Soc. C. E.*—The conclusions reached in 


¥ this paper appear to be i in essential agreement with those of poenions investi- 


aie near the convex bank than at the concave bank * * * ‘gil Essentially 
the same conclusion was reached by the late D. L. » arnell, a Be. Am. Soe. 
C. E., at the University of Iowa at Iowa City, in connection with his extensive : 
7 study of the flow of water around bends in open and closed channels. In the’ 
paper in which he and ‘Woodward report on the flow in ‘open and closed 


180° bends the conclusions are reached substantially 


m 
co 
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| of the Slements the outside wall are and, 


“as the water flows around a bend the eff effect of wall | friction i is to produce an 
unstable relation betw een the » filaments | flowing : at ‘different: velocities, with — 
the result that the filaments of highest velocity tend through | a secondary 
- circulation to drift toward the outer wall « of the bend.” This second statement — 
- pertains to the flow near the end of a , 180° bend. I ot n spite of information 
such as this, the writer can refer to soni well- known books on hydraulics | ; 
7 in which data 2 are presented and statements are made, inferring that, as water 
_ flows around a bend, the filament ¢ of maximum velocity i is always at the outside 
: of the ‘bend. Actually, as may be seen from the author’s study, the filament 


of maximum velocity is initially, and, for most of the way around the | — - 


Asst. Prof., Dept. of ania State College, State College, Pa. 
Received by the Secretary June 23, 1943. 
‘6 “Flow of Water Around Bends in Pipes,”’ by ‘David L. ornell A. Transactions, 

Boe. C.E., Vol. 100 (1935), p. 1018. 
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rw ‘Flow of Water Through 6-Inch Pipe Bends,” by D. L. Yarnell, Technical Bulletin No. (677, U. Ss. 
A., October, 1937 wre 
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ROBERTSON ON STABLE CHANNELS 


| The flow of water or any fluid around a bend in an open or closed channel 
is aan by many factors; it is unfortunate that Professor Mockmore did not — 
investigate more of them. " Besides the primary variable of the rate of flow 
(or the Reynolds number) the flow conditions in a bend should depend upon 
the relative curvature of the bend, the shape of the channel cross section, and 
the e length | of the | bend. _ Also, when one bend follows : another, the flow condi- | 
tions in the second bend are modified greatly by the relative proximity of the 
= bend. - The w writer will attempt to evaluate the effect of some e of these 
variables on the flow in open channel bends through reference to data ‘obtained , 
mainly in closed conduit bends. If one keeps in mind that, at least in most 
respects, the flow i in an open channel i is similar to that i in the lower half of 2 a 


tions to open channel at | least 


law, 2 according to which the velocity at any is inversely is 
1 - the e radius to that point. . As was shown by Fig. 15, this i is a good assumption. 
_ It would be expected —— this law that the sharper the curvature of the bend 
the more pronounced would be the velocity distribution. - Several years ago _ 
in connection with a study of the flow of water around bends i in pipes at the 
Hydraulics Laboratory of the University of Illinois at Urbana, under the 
direction of W. M. Lansford, M. Am. Soc. C. _E., the writer measured the 
velocity distribution in several 90°, cast-iron, flanged, bends in a 4-in. n. pipe — 
line. The bends were preceded by some 450 diameters of straight pipe, thus — 
assuring a normal velocity distribution above them; and the measurements 
were made across a diameter, 45° around the the iain in the plane’ of the bend. 


Distance from Inside Curve of Bend, in Inches 


‘Using the ratio * “(re is the radius of the center line of the bend, and bis 
b 


the channel breadth or pipe > diameter) as as indicative o of the saiitee aimemtens 

of the bend, the | curvatures | of the bends studied w were 0.8, 1.0, 1.5, and 2.0. 

Two bends Is of each curvature were studied. Typical velocity distributions 

- obtained are shown in Fig. 17(a) for a mean flow velocity Mf of about 4.8 ft 

7 per sec. . The. effect, of curvature on velocity distribution is quite apparent. 

a. rough ¢ comparison of the results obtained with the free vortex law | prediction 
_is shown in in Fig. 17(b) for two rates of flow in the bends of least and _acgeni > 


curvatures. ‘The constant in the free vortex law. ‘relation wa 
chosen so that. 


nm 


4 The general trends predicted by the free vortex law appear to be verified, but 
the actual distributions are modified greatly due to the effect. of the velocity 
distribution in the approach pipe. In general, it appears that the sharper the 
curvature the greater will be the maximum velocity and the nearer the filament 
of maximum velocity will be to t the inside of the bend. i 


_ Another case in which the curvature plays ‘an important réle is in connec- 
tion with the superelevation of the water surface as the water flows around the 


- 19 **A Study of the Flow of Water Around Bends in Pipes,’”’ by £3 Robertson, thesis for the degree 
Bachelor of Science in Civil Engineering, College oa Eng., Univ. of Ilinois, Urbana, 1938. 
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bend. As the author states, this is due to the centrifugal action of the water 
rounding «the bend. In a closed conduit this phenomenon manifests itself in a 


difference i in pressure between the inner and outer curves of the bend or elbow. 


= Ven 


Distance from Inside Curve of Bend, in Inch 


—Errect or CurvaTuRE on VELOCITY IN Pipe 


As has shown by Professor Lansford?* and others,!*-17-21 this difference in. 
_ pressure allows the bend to be used as a flow meter. © ‘Senten with the oer 


- “The Use of a an ’ Elbow i in a Pipe Line for Determining the Rate of Flow in the eal by W. M 
astord, Bulletin No. 289, Eng. Experiment Station, Univ. of Illinois, Urbana, 1936. _ 


1938, Pp. 
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Discussions 


on relation given by | Eq. 1, the expression for this Sitesi in pressure Ah, | 


feet of fluid flowing, in in of the velocity h head T in the ‘pipe (Vis is 


the average velocity) becomes,* 6,20, 


For a acireular pipe, bis the a it is sthe breadth. 
In the e study on the flow i in4 4-in. pipe bends previously referred to," the e writer 


verified the relation between the coefficient K in Eq. 32 and the bend curvature. . 


‘The results are shown in Fig. 18. _ The pressure di differences all were measured — 


Diameter, 4 In.; iron 

|@ Addison; Diameter, 4 and 8 In.; Iron’ 
Yarnell; Diameter, 6 In.; Celluloid 
4 Lansford; Diameter, 4,8,10 and 12 In.; Iron 


Lansford; Diameter, 24 In; Steel 
je Addison; 2.36 In. by 2.36 In.; ; Bronze and Iron 


Yarnell and Woodward; 10 In. by 7.2 in; and 


HH 


18.—V ARIATION. BEN Co OEFFICIENT witH CURVATURE 


a diameter 45° ‘around the be bend i in the plane of the bend. 1 The values 
shown for K were found to apply for velocities from 2.5 to 9.5 ft per sec. 
Below 2.5 ft per sec the coefficient in increased somewhat, "probably due to a 
Reynolds number effect such as is observed for other differential head meters. 
Also shown on this plot are data taken n by H Herbert Addison” for 4-in. and 8- in. 

circular cast-iron pipe bends, by Mr. -Yarnell'® for a circular 6-in. celluloid 
‘bend, by Professor Lansford” for various sizes of bends up to 24 in., and by 
Mr. Addison?! for two cast-iron and one brass, square (b = 6 cm), closed channel 

> bends. Considering the fact that all of these elbows and bends may not ! have 

: had such ideal did the writer’s, the agreement is 


of Miami Flood Control by M. Woodward, Technical Reports, 
ae anneal Dist., Dayton, Ohio, Pt. VII, 1920, p. 264. 
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: ‘‘ inside ‘and outside ¢ curves s of a bend should apply equally well to the super- 


le elevation of the water surface around a bend in an open channel. . From the 


data presented by Messrs. Yarnell and Woodward" on the flow around 180° — 
open and ¢ closed rectangular channels, the writer has ‘computed the coefficient _ 
K for two different open channel bends. _ The computations were made from 
plotted results g given for conditions 45° around a 10-in. and a 5-in. wide channel. 
These data are plotted in Fig. - 18, and the agreement with 1 the pipe data is 
] seen to be fair. Finally, the writer has estimated a point from data in Fig. 2(a) 
: by means of. considerable interpolation. — From this figure at the start of the © 
— — bend (Section 8) Ah is 0.25 in. and V is 0.898 ft per sec, and at 90° around the 
onl (Section 12) Ah is 0.13 in. and Vi is 0.832 ft per sec. Assuming the aver-— 


age of these values to be those which apply at at a station 45° - around the bend, 7 


a value of K equal to 1.36 is s obtained. _ For this bend “< is 1.16 and should 


"Ast to the other factors which affect | the flow conditions aaa bends in 
open and closed channels, the writer has no data of his own to quote. How- 
ever, he w ould like to mention the observations of others which may be per- 
tinent to the discussion i in connection with the effect of shape of the channel 


on flow conditions. Mr. notes that “the strength of the 


excellent discussion of the. “flow: curved channels and the occurrence 


Fie. 19. —Fiow CoNnDITIONS IN E 


of secondary currents, reference i is made to some observations | of A. -Betz® on 

the flow in ‘Tectangular cl channels of different: shapes. — ‘Fig. 19 indicates the 

Rature of the flow observed in a ‘square and in a narrow rectangular channel 

a = showing 1 the regions in which an accumulation of of retarded f fluid tends to occur. q “ 

Ineach case the plan view depicts conditions in the middle of the section and 

the sectional view conditions at the end of the bend. id. ‘The explanation f for the 


conditions in the square section are rather simple. As many observers have 


noted, because of the secondary motion the faster moving fluid in the central 


: part is moving outward, pushing the fluid in the boundary layer at the outer 
- wall to the top and bottom of the channel and thence back toward the inner Zz 


wall of the bend where it accumulates. 


el 


is 2 “Modern Developments in Fluid Dynamics,” edited by S. Goldstein, Oxford Press, Vol. 1, 1938, oa 
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— 

| 
4 
’ 

be 


pap 


os In a narrow, deep curved channel almost the reverse seems to occur as” 
shown in the right’ side of Fig. 19. Here the secondary currents are confined 
to the top and bottom parts of the section where > they tend to act just as in the 
"square channel. The m niddle part of the section is too far from the - top and 
_ bottom for r the secondary currents to affect it L greatly. _ The effect of the cen- 
--trifugal forces on the fluid elements in region tends to accentuate the 
-Tetarded layer at the wall.? 22 Although this type of action probably ‘rarely 


occurs in . open channels as as they a are more generally wide and shallow, the 


explanation given tends to show why (as Mr. Yarnell. noted) the secondary 
> urrents are stronger in wide channels. " Reference should also | be made to the 
observations of V. M. Hegly*-* on on the flow around a bend in a model canal 
a compound trapezoidal section. | This canal consisted of a deep section wad 
an adjacent shallow section of about o one third the depth and about the same 
width. © _ The velocity distributions are shown to be considerably ‘different 
when the deep, instead of | the shallow, -Tegion is against the concave bank, 
W. Jounson,” Assoc. 1 M. Am. Soc. C. E., anp M. A. Seti,” Jun. 
- Soc. mathematical ical analysis of the ‘problem of flow around a 
none has been presented i in this paper paper. en The rather extensive and elaborate 


a 
a 
i 


of the velocity-head correction factor a and the momentum factor 6,”* ik 


- these terms apparently have not been computed by the author. seis 


From the velocity distributions given in Fig. . 2(a), values of a and B have 


_ been computed and are summarized i in Table 3(a). These data show the vari- 
@ AND B 


Station | Station siygoe Station 


0.090 0.406 
Fig. 2(a)) = 0.449 
(114 | 104 | 1. | 


ation of a and B with the location of the various sections. Although not con- 
4 elusive, the values of the coefficients appear to be highest at the entrance end 
of the bends and to be least at the exitend. a 


-% “Note sur I’Ecoulement de I’Eau dans un canal & Profil Complexe,” by V. M. Hegly, Annales des 
_ Ponts et Chausées, Mémoires et Documents, Vol. 106, No. 5, 1936, pp. 445-528. es—‘___ 
8 “Flow in Earthen Canals of Compound Cross-Section,” by V. M. Hegly, translated and abstracted - 

by Chilton A. Wright, Abridged Translations of Hydraulic Papers, Proceedings, —. Soc. C. E., November, 

a Asst. Prof., Dept. of Mech. Eng. ‘Univ. of California, Rerkeley, Calif. 


Irrig. Dept.. College First Univ., Instr. in Mech. Eng. Univ. 
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¥ _ Another item of interest that could be obtained fror from the various velocity 
distributions i is a comparison between the values of a and B fora particular 


= at various stages and discharges. Data from the velocity distributions 


shown in . Figs. 2(a), 2(b), a and 16 for Section 12 are re summarized i in Table 3(b). 
Unfortunately, the data for only 
three stages are “not enough to 
warrant any conclusions. 
of the a and coeffi- 
+ cient for all the velocity distri- 
butions observed by the author 
might show an interesting trend | 02 | oa 


0.0002 | 1.037 | 1.068 | 1.060 | .... | 1.068] .... 
q of | the datag 0.00045 160031 .... 
q 


TABLE 4— 


STRAIGHT 


Depra or Fiow, In 


- 0.0005 | 1.040} | 1.052 | 1.045. 
| Of interest in this latter re- 0.00010 | 2.2. |. ... | 1.048 | 1.056 | 1.063 | 1.048 
spect are the values of Oob- 0.00015 | .... | .... | 1.054 | 1.093 | 1.061 | 1.089 
0.00020 seve | 1.057 | 1.071 | 1.072, 
served in a straight flume at the 0.00040 | 1057 | 1.063 


3. Waterways Experiment. 
Station.2® Observation was by 
/- tube on the velocity distribution at a section near the center of a flume 
' 48 ft long and 2. 31 ft wide, with various depths and slopes. — Inall observations 
| 5S the water-surface slope was parallel to the bed slope. The values of a for — 
Various Tuns are summarized i in Table . 
_ _ Examination of Table 4 shows that, for a particular slope, a tends to 
_ = increase slightly with decreasing depth Actually, the range in variation ‘is so 
slight that for practical purposes the average of the values for all depths: and 
slopes” Tepresents @ reasonable value of a for a straight flume. Thus, in a 
- reach of a channel with no bends or obstructions the values of a, for most 


practical purposes, can be assumed equal to 1. 


in Stream Cross-Sections,” Technical Memorandum No. 32-2, U. 8S. Waterways Experiment — 


:  %The Effect of Geometric and Slope Distortion on the Distribution of Energy and Tractive Force 
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"FLOW CHARACTERISTICS AT RECTANGULAR 
OPEN- CHANNEL JUNCTIONS 


Diseussion 


. . HICKOX, J. | C. STEVENS, AND C. J. |, POSEY © 


H. Hicxox,$ M. Am. Soc. C. E. attacking a p which has 
received comparatively little attention Mr. Taylor has made a distinct | 
7 tribution to engineering literature. © His attempt at a solution points the — 
to o a better ‘understanding of the general subject of branching flow. A similar. 
problem exists in pipe flow w here ‘Several attempts have been made ra predict | 
the discharge through | the orifices of irrigation sprinkler r systems. . Some of | 
these attempts I have been made on the basis of the momentum principle, relating 
_ the change i in pressure in the feeder pipe to the rate 2 of change of momentum. 7 
As far as the writer is aw are, however, the pressure differences on the walls of 
_ the lateral ¢ outlets, parallel to the flow ‘in the feeder pipes, have not been t taken 
tate account. The author’s s method of attack, considering the effect on the 
omentum equation of the wall pressures in the branch « channel, is suggestive 
- ots similar treatment of the problem i in pipe flow. a ee 
Ss With respect to the a application of the momentum principle to the problem 
0 of combining flow, Eqs. 1 and 2 state the sums 0 of pressures | and Tates of mc mo- 
7 mentum change correctly. 33 ‘The derivation of Eq. 3 from Eq. = however, is sof 


“a the branch channel at hele junction a are e the same and a are ‘uniform a across : 


channel. Also, it assumes that the pressure on the ws wall of. the 
channel is equal t to the hydrostatic pressure of still water at the same depth. 


would be the case if the flow i in the in the branch ¢ channel was everywhere parallel 
walls. s. At the junction, however, and particularly in the vicinity of the 


_ wall BC, the flow is not parallel to the wall but is curved. This cu curvature of 


flow will modify both assumptions. The water surface across the channel no 
longer will be level, and it i is ; possible that the variation of pre: pressure ssure with depth | 


Nore.—This paper by Edward H. Taylor, Am. E., was » in November, 194: 
Proceedings. Discussion Me this paper has appeared in Proceedings, as follows: June, 1943, by Harold K. 
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Also, there may be some modification of pressure © 


on the walls of the branch channel above section AC. - From a further applica- ; 
tion of the momentum principle, the elevation of the water in the branch 

> channel should be lower than that at the junction since there is a component of 
velocity normal to the main channel which is reduced to zero. _ " 
lt would have been interesting if the author had developed his equations 
without the. simplification introduced in ‘Eq. 3 and had evaluated the term U 
x from the experimental ¢ data. The results then might have been expressed i in. 


terms of a coefficient ‘relating the experimental value of U to the calculated 
| Also it might have been enlightening if the pressures on the walls of the 
~ branch channel had been measured by means of piezometers. There seems to — 
be no reason why the momentum principle should not give excellent results if 
it is applied correctly. proper application depends upon a complete knowl- 
edge of all the pressures having components in the direction of flow. The 


~ assumptions: made in this case I regarding pressure might well have been verified 
experimentally. 


_ J. C. Srevens,’? M. Am. Soc C. E. would be worth while for the 
reader of this excellent paper to look back 17 years and review the writer’s 

short article’ on similar flow characteristics at pipe intersections and particu- 
larly the discussions that followed, by Harold A. A. . Thomas® and Julian Hinds a 

Members, . Am. Soe. C. E. a In that article it was assumed that the pressure 
each conduit would merge into a common value at the inter- 


section. Momentum and energy relations were based on mean velocities. 
There follov ved from those assumptions a formula purporting to give the 
theoretical energy losses when n pipes of varying sizes join at a common > 
= at varying g angles from which the water flowed ; away in a ‘main. 
_ Another formula gave expression to the theoretical | losses resulting { from + n 
- of varying ‘sizes discharging : at right angles into a header of constant 
diameter. _ oa It made no difference in which direction the water was flowing— 


| for example, the water flow could divide from the main ain to the several aad 


and the same theoretical energy losses would result. 
Those formulas will give approximate r results. — The errors a are on the 
of safety i in that the losses indicated are on the excessive side. However, the 


formulas do illustrate the danger of simplifying assumptions if accuracy is 
important. Mr. Taylor was able to simplify his theoretical analysis by 
F assuming that the depth in the branch remained constant to the wall of the 
main and that it was also equal to the depth i in the main above the junction. 
Both. of these are somewhat similar to the writer’ alll 


Cons. Hydr. Engr. (Stevens & Koon), Portland, Ore. 
‘Theoretical Energy L Losses in Intersecting Pipes,” by J. J.C. Stevens, Engineering News- Record, 


22, 19 
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POSEY ON FLOW AT CHANNEL JUNCTIONS 


sources of error in these analyses are ‘obvious. The water never 
a a uniform velocity distribution. | After the junction a a greatly distorted velocity 
Both momentum and energy relationships based on a 


-mean are t 


a “The force due to preseure on cet certain parts of the peripheries of the conduits 
at their junction, even in the case of uniform size conduits intersecting at 
right angles, cannot be expressed in known terms. the paper cited,® this 
force was simply ignored as the easiest solution. - . Mr. Taylor assumes it to be. 
aes and opposite to th to the pressure force in th the branch, which, _ although prefer- 
able toi ignoring it completely, still leaves much to be desired. aon ivi 


The Society’s on Hydraulic Research assigned: the research 


1936. Mr. Taylor’s paper is the final paper on the open-chann “a shone of this 
subject. — Research on intersecting pipes is being continued, although tem- 


; ey ee: in favor of more urgent war activities. 


ns. Flow i in intersecting pipes contains too m many ‘complexities until 
‘more can be learned about how two streams smingle. As stated by the author, 
that phase is under s study— —first in its simplest form of n mixing parallel streams, 
The next step will be to study the mixing of two nonparallel streams. | Upon 
completion of these investigations, it is anticipated t that studies on the flow 
characteristics of intersecting pipes can be resumed. 
Almost any kind of research progresses slowly. The first steps open new 
- vistas that must be explored before tangible results can be achieved on the 
original objective. Those engaged in teaching, of course, make that 
= first duty, and research in such cases must be satisfied with what ca can be 
-secomplished as ¢ extracurricular activities. 
—C. _J. Posry," | Assoc. M. Am. Soc. C. E."*—It should be emphasized that 
‘the data and conclusions 0 of this paper are for flow deeper than the critical 
- throughout—that i is, with a ratio of velocity head to ‘o depth of less than one half 
in both branches of the ‘stream. © Although : no statement to this effect appears 
in the p paper, itis : obviously true from the results, and is implicit i in the author’s 
statement that t the elevations of the water surface i e in b both channels could be. 
varied by means of adjustable gates at the lower ends ee 
The data presented by the author justify the assumption customarily made 
in dealing with problems in combining or dividing flow at greater than critical 
_ depth—namely, that depths in the intersecting channels are e substantially the 
same, with the division, in case of dividing flow, depending chiefly upon t the 
backwater characteristics of the two branch channels. if greater refinement 


ments 5 reported i in this paper | should peer the desired information. 
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Associate Prof., and Structural Eng., State Univ. of and Engr., Tows 
Inst. of Hydr. Research owa City, Iowa. ae 
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